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ABSMACT • . . ^ " . . • \ - 

Twb experiments wete' carried out to see wnajt parts o£-^^ 
a sentence are best retained, whether .tho^se pai;ts retained bfest 
iiijmediately.^jaf ter a'c<guisi tibn; a^e also 'remembered b^st after a 48 
llbur retention interval,, and whether or Jjot the parts of a. sentenbe 
^hich are retained depend on the semantic and syntactib„structrure^f 
'^at sentence. /jA the first experiment, retention, was assessed by a 
, r^doan^tion method, and in the secoAd jexperim^nt, it was measured by 
cued' or primed recall* In the first e;xperiment, high' predictabiliv-^y 
and simple sentences ^resulted in significantly, better recognition b^ 
old sentences at. bpth the zero and 49 liour retention ja.nterva:|,^, ' \ ^ 
Transfprinatipnal complexity was not significant, actiye 'and. passive 
sentences being recognized equally well/ The detection of word 
changes did not change over the 4B . hour retention int^eSval. In the 
cu€d recall exper^imeirt, high predictability and simple sentences 
again resulted, in significantly better recognition at both time 
intervals. Another result which paralleled one^from the first • ^ 
experiment was the. relatively . high .level of recall of simple 
Unpredictable sentences ^compared with' complex unpredictable ones, 
reljatipnship of't'he findings to varib'us theories of memolty for 
sentences is discussed, (MKB) - ' 
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ABSTRACT 



Tiifo experiments were carried out to see;. (a) what parts of a sentence 
are .best retaitied, (Ij) . whether th^se parts retained best inunediafely after 

isxtion are also remembered bps t after 48 hour retention interval, 
and! (c) whether or not the parts of a sentence which are retained depend 
on the semantix and synt^tctic structure oa that sentence, 

■ y 

. In the first e)^eriinent, 72 Ss learned 64 naturally occurring sentences 

^ that jWegfe equally distributed across .8 categories: Active or passive, SimpJ 

• ' \^ ' 

or Complex (with regard' to degree of left-branching), and Predictable or Un- 

predictable, f^t the vetejxtix:^ test, either iijimediately or 48 hours later, 

- • • • \ 

the S^s wer0 presented with a -test list including the 64 old sentences an<J^ 

64 new sentences. , The new sentences were formed by altering the old sen- 

tences in one of^^eigljt -ways : either by ^hifting the adverbial phrase to an 

adjacent, intermediate or extreme positior^ in tl;ie sentence, or the adverb, 

(following the main ^verlj) *^to. the. front of the sentence, o:f replacing: the 

•^subject, object^ verb, or. adverbial phrase noun by a synonym or a near 

^synonym. Each sentence jvas presented by itself, and £ had to judge wljether 

or not it was. ••old'* or "new*'. . - , ' 

In the second experiment, 48 Ss learned tKe same* 64 sentence's learned 

in experiment 1; For the retention test the Ss were presented with two cue 

words (either the subject s adjective, verb*+ adverb, object + adjective, or 

adverbial phrase noun ^ adjective) from each sentence and asked to* generate 

the rest, of the sentence.' ' " 
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INTRODUCTION 



Word strings have played only a ^mal^ in^retention studies. 
There are at least two reasons ^or this^. First, it has proved dif- 
ficult to find aclequate descitjiplAreias and measures of word strings and 
sentences. Second, association theories have always dominated verbal 
learning and these have directed, the attention of exjJerimenters *to- 
wards simple connections . between elementary events, ^an^ away frlm 
patterned relationships. ^ . 

The' particular problem in defining sentences is that whereas a 
single item (as in- a list of nonsense syllables) can usually be de- 
scribed without reference to any other item, in sentences items are 
not independent. .The role and meaning of a word depends on the se- 
quence of words in which it. is embedded, and so any analysis must 
take account not only of the individual items, but a!lso of the var- 
ious phrases (or structures) in which it participates. 

The influence of association theory on the choice of stimulus 
materials for experiments is easily demonstrated. Association 
theories have generally held that all mental functioning can be re- 
duced to elementary (neural) events which are concatenated in a 
linear fashion. Tl\at is, the elements themselves remain unchanged 
regardless of any combination into which they enter, and changes in 
the associative relationship between one pair qf elements do not 
result in changes for any other combination of elements.- 



The problem of studying these combinations of -mental ele- 
ments led to the ^introduction of nonsense syllables by Ebbinghaus 
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(1885) because he believed they were uniform in learning difficulty^ and 
lacked any previous^^ established connection with one another. ^He ex- • 
pected that the referents of thBse nonsense syllables iii the mind would 
be trteated as separate and independent elerments and their retrieval dur- 
ing a retention test could be presumed to reflect the associative 
strength of the particular i^em recalled^ which itself was assumed to . 
be a direct function of the amount of practice during learning. 

The model of the mind implied by Ebbinh^us' (1885) approach is one 
of a network of associations between elements; the association being 
contingent on the temporally contiguous occurrence in the external 
world oi th6 events represented by these elements ; their strength de- 
pending on the frequency of contiguous occurrences. Since no internal 
structure was imputed to the mind^ there was no need for the stimulus 
materials to possess inter-item structural relationships neither did 
they. ^ 

The influence of association theory has been pervasive. Stim- 
ulus materials have usually been single elements^ like words or CVCs 
t 

(Adams ,/41967) . The great interest in associative networks (Defese, 

1, 1965; Marshall 8 Cofer, 1965^ RuSsell § Jenicins, 1954) further 

attests to. its importance. .One of the reasons for the popularity of 

the paired-associates (PA) learning technique is its presumed virtue 

of allowing lists of items to he treated as independent S-R elements 

(Battig*, 196'6; Underwood, 1965g/)^ At times the disregard of struc- 

■** 

ture has been carried to extremes: studies which have extended int^r- 
ference theory (a member of the family of association theories) tb*."^"^ 

9 



sentences hive usually treated the .sentences as >in^i££erentiat|a. item 

strings} merely equivalent to a list of hoihogeneous wo|«ds%;. horizontally 

arranged (Hall-, 1955; Slamecka, 1959, 1961, 1962; Siameck,^-5 Ceraso, 1960). 

It^sh-oul^. not be Supposed. iJiat, association t^^ either 

Completely dominated or'restrictively falipkered verbal learnings Indeed, 

in recent years, verbal learning expe^rimenters have been fiercely a- 

theoretical. For many of them"' theoretical bases are too often theoretical 

biases; servants of their data, they have put their trust only in experi- 

• • ■ ■ s 

irontal results.' Avoiding larger theoretical issues they have concentrated 

instead on investigating the functional relationships between variables, 

remaining content with relatively low order theoretical constructs ^and ^ 

empirical generalizations. 

* • • 
However, the data' themselves have led to problems of structure and 

the outcome of this willingness to follow the data has been an awakening 
x)f interest in structural relationships. These relationships may involve 
sequential structures (as in Linguistic habits) or simultaneous' structures 
as in the organization of elements (ideas, images, r^s , or whatever) in 
* memory. We turn now to some of the verbal learning findings which suggest 
that sentences and word strings may be valu^l^ for studying psychological 
processes like learning and remembering. 

Despite the inherent -difficulties for association theory" in provid- 
ing an account for complex sequential processes, verbal learning investi- 
gators have been traditionally interested in serial learning from the 
time of Ebbinghaus fbrward (Osgood, 1^53, Pp. 502 ff; Woodworth 5 Schlos- 
berg, 1954, Pp. 708 ff; Young, 1968). Assobiation theories, of serial 

10 



processes* have Seen developed eilull / 1930^* .Slamecka, 1964a: Staafs § 

Staats, 1966; Young, 1968), but the the^ri^s have^ never been effec- 

tively extended. to problems of sentences and connected discourse. 

' <^ ' • . ' 

Nevertheless, it has always been intended that these podels^ will 

eventually encompass any kind of verbal material (Staats -5 Staats, • 

1966), be it nonsense syllables or ,the New, York Times , rCertainly, 

*the study of sentences 'is a logical extension of a traditional ver- 
bal learning interest in serial processes (Jenkins; 1965), 

A phenomenon which^has been identified in the verbal learning 
laboratory, and which seems particularly suited for studying with 
word -strings , is response integration and organization. Underwood § 
SchuU (1960) have^ found that in PA learning it is necessary to in- 
tegrate- the response term into a unitary entity before it can be 
hooked up with the stimulus. Mandler (1954, 1962) notes that pre 
viously discrete part's of a response sequence can become integrated 
so that they behave ks a/ functional unit. He. shows that these in- 
tegrated response sequahjie-s which are now independent of particular 
associative connections >.g. as in learning to learn) may actually 
have arisen, .frojn simple iissociative processes. Baftig (1966, 1968), 

. Mandler (1967), and Tulvjng (4962, 196.4.^ 1968) have all pointed to 
the importance of responsie organizafion in almost any form of leam-- 

ing, even within apparently pure association paradigms ► Sentences 

* - . / ' ^ * . 

are ideai for studying reponse integration as they possess structure 
on several levels; letters fhust be integrated into words, words -into 
phrases, and. finally jthe sen4:enx:^ itself must be integrated from the 

u . ■ 



phrase s tructures 

In any case, it is difficult to escape the effects of a person's 
language repertoire and Underwood (1965b) has stressed the importance of 
J^nguistic habits in verbal learning. These can be introduced by the , 
who may form, natural lan^age mediators between items in a PA learning 
task (Montague 5 Wearing, 1967; Montague, Adams S Kiess, 1966).. It is 
doubtful whether it is possible to stop Ss from us in g^ mediators of that 
kind. They can also be introduced by tl^<^/ and the importance of ex- 
perimentally stimul^ed linguistic habits in PA learning. has also been 
shown by Rohwer S hi-s dissociates (Rohwer, 1966; Rohwer & Lynch, 1966; 
Roh/er, Shue.U, § ^vin, 1967), whq found that learning was facilitated 
when the two items to be learned were embedded" in a sentence. Any at- 
tempt to.prov^e -a satisfactory a^copnt of verbal learning must 'eventti- 
'ally deai with linguistic processes. It may even be argued that sen- 
tenses are superior to single items in 5ome respects as materials for 

verbal learning experiments in that they 'may reduce inter-subject var- 

«■ . ■ ■ 

iability in the kind of intellectual operations applied to the task, 
and allow the experimenter to exercise more control over the stimulus 

• . ■ • ; ■ ' . A .i 

envitonment . ^ i 

Since it seems that the study of sentences is 'a natural outgrowth of I 



traditional interests in verbal learning, and that some problems are per-* 
haps best studied by means of word s^trings, ^hy is it that sentences have 
beert largely ignored? Certainly the influence of association theory, and 
the lack of structural measure^:' provide two* reasons. But maybe there is 
a third. Although few would deny that sentences are ,a good deal more 
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important in the work-a-day wo:nld than>onsense syllables, many feel 
that before tackling such complex applied problems it is first better 
to gain a full understanding of the siji5)ler world of single items.. It 
is argued th"at only 'wh^n CVCs, nonsense syllables and words are safely 
encaged in our theoretical nets should we venture out after the big 
game of sentences and connected discourse. 

However, there is an important qualitative difference between sen- ' 
.tences and single items in that the former possess inter-it em structure. 
Because of thxs difference, there is 'a point at which the further study 
of single items can yield .no more infoTmation about sentences. If we 
are to increase our understanding, there is then no choice but to grasp 
the complex nettle of connected discourse with whatever tools' axe avail- 

able . " ' - 

Th*e strategy should be to use wliat^d^scriptions we caii^ find , for 

- ^ ' ' ' ' ■ . - "• ' ' ■ 

sentences, investigate the learning and memory of these sjientence's when 

■ ^ ' . ^ ' ^' 

wel,l understood variables (in traditional verbal learning situations) 
Uke degree of practice ^d . length of the' retention"^ interval are manip- 
ulated, compare the results with those from other verbal learning 
studies, and use th^se conparisons as a basis 'for further investiga- 

*°tipns . ^ 

The task of this investigation is three-fold; firsts to review -the 

_ 7. 

sentence descriptions in the literature^ and select those which se.e^n ta 
deserve further attention: second, to see what kind of theoretical for- 
mulations might accommodate the data on the retention of sentences: 
thiifl^, to generate some data on sentence retention, being particularly 



concerned to note the effects* on remembering o£ l;xadit vairiables, 
like- length of- retention Interval and level of leammg. 



Measurement of s'entences :* Content and Meaning. 



-The major difficulties of measurement encountered in studying sen- 
tences and prose,, (as opposed to single items ) , were^ ideijtified by 
Henderson (1903), one of the first investigators in the area. He noted 
that the overall meaning of a sentence is something more than a straight 
forward combination o€ meanings of its- constituent 'words . A" simple w<jfd 
count will rtot do as an index of a* variable such as learning difficulty, 

since some words are crucial to the meaning of a sentence, while others 

■ . '.^ - , / ; ■ - 

are redundant. - ' 

■ » ■■ • . ^ . ■ • 

\ -Henderson introduced the notion of the meaning unit or idea group 
(IG) as an entity which might serve as tKe constituent element of sen- 
tences and prose passages. The IG may be defined as a linked set'^of 
words which can be seen as an ideational .unit. The excerpt below from , 

Henderson shows how a sentence may be partitioned into'-^IGs^^I~^ft^ diag- 

• • ■ ^ ■ - '■ ' ' • 

onil slashes marking the .boundary of each IG. 

bear, / clinibing over the fence / into a yard/ where 
bees were kept,./ began at once / to smash the hives , / 
and to rob them /. of thei-r honey „/** ^ 
Henderson admitted that his divisions were subjective -and! somewhat 
' arbitrary, but he argued that anyone else's partitioning would not b,e 
sufficiently different to alter materia'lly his 'results. Despite these 
doubts^ ^the IG has been widely used (Clark, 1940; Gofer, 1941; Levine 
§ ^turphy, 1941; Lyon, 1916, 1917). Welbom ft English (1937), -in'a 



review of the/studies on I'dgical and rote memory , found that H^^dersoY^^s 
measuring methods we^e still widely employed in essentially unchaiiged fornh 
'/ But the arb3^6a:^xy way in which IG boundaries have been defined has. con,- ^ 
tinued t^wo^ry studQ>&^f word striiigs. Gofer (1941) was ablf^to generate 
three sets W different IGs^rom the same passage. Kay (1955) concluded 
^at the whole business of IG parHtioning smic&s a. good deal more^ of art 
th^n- s^nce. . Ho\^^lver, the only systematic methodological study on IGs 
that his- been reported is due to" Levitt (-1956). " -He carried- but .a series 
of experiments" anisfdund that (a)' -different judges are I'ikely to divide \ 
the same material ifi different' ways , (b). rfe'call scores- are. sens itiveXo^ 
the way 'in which mat erta^. is divided, and (d) recall is affected by var- 
iations in' J;G size, . ' •„ ... 

Nevertheless," despite its 'prob1>e^, the' IG^as^ proved a'useful 
measure of learning and- retentioft._ H^^7;:son's (1903) claim that small 
changes in IG groupings, would have little%^ect on the results has been 
generally borne out. Gofer (1941) ^found that s^^al. scores,. including 
retention measured by three 'different IG classificatlbi^ tbtal number - 
of words r^emembered-and the number of E-defined "significant" words xe- 
called were all quite highly related. The questi^' then Arises. as, to 
■ what .measures are best, and how many to use. pn the one hand -it seems^ 
as though IGs are not really satisfactory as a measure, of learning and: 
retention, and on the other hand there is a little evidence that almost 
any measure will do, even just a gross word count (Adams,' 1967, p. 165),, 
One way of meeting the problem of which measure to use is to factor 
analyse a. number of indices, and so find out how many independent scores 




are needed to* define^earnbig^ and retent^\/ <ICing f 195,0) retiuined his S^s 

: . / ■ ' • . * ' \ ■ ' '-iu ■ * : . 

.^tjo learn either one- .of tiNTo^prose passages (one- being Bartlett's (1932) , 

- War of tli^ Glfejsts) and he scorefl their recall protocols in sevfen differ- . 

• T ^ ' ^ . . ■ ' . ■ ■ ■ ■ ' ' \ , ■ ^ ' ■ 

e^t ways. These were: ' ^ 

(1) nuiiib^erN^j^^ recalled, (2) number of sentences present in recap, 
^3)number of content words recalled/ (4) total number of words recalled,.' 



(5) number of words recalled ' that were also present in the original pas- 
;sage, (6) overall- goodness of recall (as rated by a s0t of judges), and 
(7^ a modificatioTv of the Cloze procedure (Taylor., 1953, 1956), which con- 
sist'^d of deleting every tenth word from the original passage and then de- 
terming ivhether or not it could be filled in from the recall protocol. 

King first inter-correlated and. then factor analysed these /variables 
'and found two factors. One factor was defined by the number of content 

^words and IGs recalled, as well as by the modified Cloze score, and the 
« ' . « 

other factor was defined by the -total number of words recalled, and the 

" ' ' • ' ' i' ■ 

number of vJbrds in. common between the original and the -recall^H passage'. 

He interpreted the first as a contefit or organizatioh faCtot and the ' 

' seetyn3^a$ a\length or quantity factor* Subsequent work by King ^nd his. . 

associates (feing, 1^61; King §^au, 196S; Ki1ig Russell 1966; King § 

Schultz, 1960; King § Yu, 1962) 'has substantially replicated these re- 

suits. . * ' 

Most of King'^ measures loaded on both of the factors which implies 

that'\is scores probaBly consist of two components, a general learning 

component and either an organization or a quantify component. Any two 

Treasures .wiil be correlated ^in general) because they share a learning 
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component in common. In some of his other studies there \ias a fair amount 
of variation in the loadings of the variables/ but in almost ^very case a 
bvo factor, solution has emerged^ witlj one factor primarily related to con- 
tent and the other to length," • 

THese results suggest that, two correlated scores are enough to de- 
scribe pet-forniance on a retention test for sentences Calthougli single 
measure "could gerve) , The first score^ is the total number, of wqrds re- 
membered, and the second is the amount of substantive 'meaning reinembered, 
as. indexed by the number of content words or IGs recalled. 

In the division of sentences into IGs experimenters recognize that 
not all words make the same contribution to the meaning of a|passage. 
The partitioning is usually done by isolating phrases containing -nouns , 
the boundaries betweep IGs being indicated by function words and punc- 
tuation marks. The assumption underlying this procedure i*s that meaning 
* ^ * p- ■. 

(or content or semantic) density is related tp learning, and that, mei^ninj 
is carried by content words- ' There is no attempt to further define orV " 
measure meaning density; whatever it is, the number of IGs in a passac 
are- presumed to reflect its value for that passage, 

U^ile, the ^distinction between content and function words (although 
not explicitly developed by the^e investigators) is useful and inrapDrtapt 
(Glanzer, 1962) there are two serious -^objections, to IGs as a meai^ure^ 
The first is that a^^ctives, althaugh content word$, have a different 
status from nouns, which they qualify. An IG grouping pi acesfAiouns and 
adjectives together and treat a noun pfirase with an adjective the s^me as 
a noun: phrase withQut one. Using only content woi:ds will ndt hel^, for 



17 



with that measure an adjective is not distinguished from a noun. 

The second problem is that IGs (and'content word measures) cannot take, 
account of sequential' constraints, be they structured or semantic. Sen- 
tences may be more ot less redundant, and surely a highly redundant $eri- 
tence has les? jneaning,'in some sense, than one which is not so. It cer- 
tainly should be easier to learn* The problem of structural -constraint ^ 
is treated in the.iiext section. The question of semantic constraint has ; 
been tackled by Becker § Carroll (1963), who have developed a coefficient 
of sentence contingency , I . In order to obtain 1^ they first define two 
scores, 0 % (Overlap percentage), which is the ntiniber of repeated nouns 
>and pronouns (appropriately weighted3*of the total number of nouns, (ex- 
pressed as a" percentage) and (concept percentage), which is the total 
number of nouns less the numerator of 0^% (the number of repeated nouns and 
pronouns) divided by the total number of words (expressed as a percentage), 

I is obtained by simply ""divi ding 0 % by G^%*. Becker § Carroll claim that 

p . P - P 

I is roughly ^equivalent to redundancy and they have fotmd that the learn- 
B * 

ability of prose passages is a function of Ip*^ 

* IVhile the studies discussed in this section have not provided any 
wholly satisfactory empirical measures of sentences; they have indicated 
some important ^ari&les. The distinction between content and function 
words, and the importance 'of meaning density, organizational factors and 
sequential constraints, have all been demonstrated, if no explicitly. 
The tasks remaining are to specify structure rather more precisely, and 
to discover how the^^ semantic characteristics of a sentence interact with 
its structural components to- affect learning am^ retention. 
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• ' ' . 12 

Measurement of sentences: Structure^ 

Approximation tG English ME) . « The studies disc4issed so far have fo-- 

cussed, mainly on meaning and content. A pioneering study by Miller § 
Sel fridge (1950) took another tack. They began with the premise that 
one of the fundamental characteristics of language is its structural . 
organization or patterning. Their assumption was not particularly con- 
troversial; Henderson "(1903) said much the sam^ thing. But instead of 
defining the pattern in tej-ms of meaning. Miller ^ Sel fridge cie fined ' 
the influence of a verbal pattern or context as the extent to which 
^he choice of a particular, word depends on the words that precede it. 

In order to examine this proposition. Miller § Selfridge compared 
word strings varying in their degree of patterning. They generated 
passages of different orders of approximations, to English (AE) , where 
the order of AE w^s defined in terms of the length of the preceding 
contextual string of words that determined a particular word. 

Thus zero ord^r AE sequences w6re obtained by drawing random sam- 
ples of words from the Thomdike-Lorge (1944) lists." First order AE 
required that the relativcj frequency of words in the natural language 
be represented; therefore words were drawn at random from conventional 
printed texts. ^ ' - • 

Higher order AE passages were generated by human £s. For instance, 

second order AE was produced by presenting a* common word such as he , 

• ■ • 

she, or it to a person who was instructed to use the word ih a sentence 

4. 

for example, 'Mt goes on faith and four wheels•^ The word directly 
following the first word that was-&iven, goes , was then presented to 
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another S; who. had , to use it in a sentence,- for example', "No man goes 
easily to his death". The word e asily would then be presented to a 
third Sr who would have to put it ii^ a sentence. This procedure was fol- 

0 . " . ■ 

lowed until a sequence of words of the desired length had been construct- 
ed. Each successive pair of words went together In a sentence. Each word 
was determined in the- context of only one preceding word. 

For AE orders o£ three through to seven Csixth order was omitted), Ss 
saw a sequence of two or more words (depending on the order) each time and 
used the sentences in a sequence, 'Hence n^^ order AE was a word string in 
which my set of £ successive words went together in a sentence, and in 
which any one word was determined in l?lie context of the previous (n-1) 

words. .1 - 

Miller § Sel fridge gave word string^ varying in both' length, and 
order of AE to several groups of Ss, used immediate recall, and scored 
the nuirber of words correctly recallW^ Thdy found that recall increased 
with the order of AE and decreased with increasing list length. In gen- 
eral, the Higher orders were rec aisled as well as organized text. ' They 
concluded that high AE material^ is' easy to learn becajiSa-it preserves 
the short range associations or sequential depeftdencies that are famil^- 

i^r to Ss, rather than because ^it is meaningful in any general sense. A 

\ ■ • ' 

nuitie'r of studies hava confirmed these' findings (Postman § Adams, 1960; 

Richardson 5 Voss, 1960; Sharp, ipSS) . 

Miller 6 Selfridge used the total' nuinber of words correctly remem- 
bered as their recall score. Marks S Jack (1952) and Coleman (1963) 
.criticized this method as it fails to distinguish between words which ^> 
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are merely correct , and words which' are correct in sequence'. Now the ; • 
short-range associations which are presumably preserved in high AE ma-' • • 
terial consist' of at least two factors. The first is inter-item assd- 

ciations of a semantic kind, arid the second is syntax. Counting tljp , 

, ■ * * . 

number of words correct taps the effe'ct of the first component, while * 

the influence of changes in grammaticality. is reflected in the sequences 

of correct words.- Marks § Jack (i952) arid Coleman (1963) found^that .-^ 

when recall was Scored in terms of correct sequences' or words, recaj.1 

improved across all^ Orders of AE, instead of becoming asymptotic at 

about the 4 order, as Miller § Selfridge reported. 

Tulving 5 Patkau (1962) interpreted sequences of correqt words asV 

chunks , following Miller (1956) and defined the chunk as: ^ 

any group of one or more items which occur in k\ 

subject's recall in the same sequence as the input Ids^. s ' . 

For example, if the stimulus list consists' of the sequeiice 

A,B,C,D, V,W,X, and the sub ject recal Is T;U,V,A,B,C,E^F, 

R,K, in this order, we assume that the ten items the sub^- 
ject recalled are organized into five adopted chxxnks: 
TUV, AB, DEF, R and V\ (p. 90). 

" Tulving 5 Patkau found that the number of words correctly recalled 
increased with the order of AE, but that the number of chunks' feinember- 
ed was invariant. Regardless of the order of AE, the mean , number of 
chunks recalled was about S or 6, . * , 

These findings, which wWe confirmed by McNuhlty (1966) show that 
higher AE material is easier to learn because it can easily recoded, not 
because it preserves short-range associations per se . Howe^ver, recoding 
utilizes both inter-item associations and grammatical constraint. Al- 
though these AE studies point to certain variables (short-range asso- 
ciations and sequential dependencies) and processes (recoding) which are 
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import^n^: in reaming word stripgs , AE itself i% not a measure that'can 
♦ 

be, used in the study of sentence retention for the simple reason that 
it is not a measure bf sentences, fn the next section we will 'look at 
ways in which the notion of sequential constraint can be applied to 
'naturally occurring 'Sentences / ' * 

Sentence Predictabi,lit>/ Approximation .to English scores may also 
be interpreted^s ^leasuresvc^f sequential constraint since by defini- 
tion the higljer thp order of AE, the longer the sequence whiclj deter- 
mines or constrains any particular*wo^Hr* Similarly, the higher the 
order of AH, the more predictable any particular word will be from tl>e 

preceding."context..''MCller 5 Selffidge's technique allows the amount. 

• ,'. * 
of sequential dependency to be specified precisely, but it carries the 

^ ' ,. ' * " '^'^7 " ' ' ■ -/ 

^^implication fhat .n^turaUy occurring sentences have a very high order 

of AE, an4 indeed, that tHe AE orders of all sentences are similar, 

Yv'" ,. ^ , , ■ C.- - - . . • 

sinc^ in ever>' case the apjDroximatiori to English is perfect, .Yet 

■ * ... ■ * • . ■ ' " ■ * - . 

^intuitivMt, it is clear that prose passages, for example, vary a 

gre^t deal "in predictability. The7;e is a world of difference be- 

twe^n^'good journalism and -^laroes Joyce . , , 

These differences ^n' difficulty between example of English prose 

have been exami*ned by^ invesfigators interested in predicting read- 

ability (Klare,* 1952) .. The pioneer ij\ the field is Flesch (1948) who' 

combined .average sentence length 'in words, average sentence Jlength in 

syllables, and number 'of personal words into- a formula of'^reading ease^ 

• *" " • 

Dale 5 Chall C'l^-^^S) dil^eloped an index reading^jdlf ficulty that em- 

• \. . 

phasize^] the importance of unfamiliar words. However,, both these 
measures are based on the- kinds' 'of variables used-by tiie writers who 
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were discuss^ed in the first sectidri in that indices frorti individual ele- 
ments, or sinrple word counts were used, and /the structure between the 

words was Ignored. . . - * * > 

■ . ■ • ■ . ' »■ 

' • Two techniques have- been developed whiclT do provide some measure of 

-senteace predictability. One-r^also intended as an index of readabj-lity.,' 

th 

is the Cloze procedure (TayloV, 1953^ 1956^, wjii eh every n word is 
Struck from a pas sage /then ^ the S has -to .gue.ss what iYie deleted words 
are. The other method is to give £he S the first word of a sentence, 
let Kim imess the second word, after w^ich-he* is' tfeld the corre^'ct an- 
swer, then let him guess the third word, following which-he is told 
wh3t the word is and so on through to the end of tl^e sentence, This 
method whjLch we 'shall call the successive guessing technique, i^ rather 
akin to- the anticipation method of' paired associatesr (PA) learnirfg. 

Rubenstein § Aborts (1958) ^equireff Ss to learn prose .passages and * 
found that. the FJresch, Dale-Chall, and successive guessing scores cor- 
related .61, .75, and rcspectivaiy with the amount of learning. - 
Sint^ the correlation between Ckoze and D^^le-Chall scores is- high, 
(.94 according to Taylor (1953)) , it soems as though both ieam- 
ability ^ncl predictabUity are strongly affected by word, frequency. 

It is obvious that predictability must depend on word frequency,, 
^ince, in a statistical sense at leas^^jH^ word is predictable s,imply 



because it Is .frequent . But predictability ajso depends on sequential 
constraints, and the iirrportance of these have been documented i)y 
Miller f, Sel fridge (1950) and others. However, it may be the case 
that' rn nature! languaj^ie, sequential constraints are,, for all prac-- 
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tical purposes, the same, and the word frequency is the only wicje rang- 
ing variable. • ■ . . ^ ■ ^ ' . ■ . ^ . 

Aborn, Rubenstein §^ Sterling (1959) examined the pretictability af 

— ' — ' "^"^ . ' ; . > 

words as a function of their form cl^ss (part of speech) and -position 

• • , - 

•V , 

in a sentence. Their sentences were of. three lengths, and words were 

* 

omitted frrfni one of four p&ssible positions, as sho^m in Table 1 . 
The S's>task was to fill in the blmk space in each^'entence.- All 
words were classified as either "nouns, verbs, adverbs, pronouns qr ' 
function words. 

> . . ' -'^ * ■ 

They found that: ' v. » ^ 

v ' • . - . > ' ' * 

(1) form class, position of omission, and sentence .length are all inde- 

pendently effective as^ sources of constraints on words m sentences, 

*C2) the. predictability of words in a class is in general relafed to 

the size^ of the class, (3) increasing the context be>rond/^ll words does 

not increase pre'dictability , , and (4) Words in medial positions are more 

predictable th'an words in initial or final positions. ^ . 

There are three studies ^vhich elaborate somewhat bn .these- findings 

/' 

,from Aborn e£ al^ (1959). Salzinger, Portnoy § Feldman. (1962) adminis- 

\ • ^ th 
tered Miller. § Selfridge's '(195O0 passages with every 5 word deleted 

-'to S's. Their task was to 'Yeplace the missing words. They found that 
the number of words replaced which were in the correct grammaticaJU cate- 
gory (evefa if themselves not actually cbrrect) ros^ rapidly from zero 
order to third ord^r AE, then^ flattened out, whereas the number df words 
correctly replaced, rose more slowly, but cootinued to rise across the 
higher orde^rs AB., The authors^ concluded that SS Could lEse the syn- 
tactical information ^th at was present in strings. of three' or four wards 
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Aborn- e£ aV s ejcoerimental design. 



6 words 



POSITION OF OMISSION 



SENTENCE LENGTH First wprd ' Early medial Late medial Last word 



1 1 words 
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25 words 
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even though the context tvas still insufficient to determine . the precise 
meaning of the missing wo^dV This Conclusion implies that Ss can 'u3e syn 
tactic and semantic information separately in predicting what a deleted 
word might be. * ' . ' * • <, 

-Fillenbg^um, *Jones § Rapojtort (1963) deleted Either every second,, 
third, fourth', fifth or sixth wbrd from transcripts 9f running speech* o 
They** found that the predictability of the form class of w^ds depended 
on the immediate context, but that prediction of specific , words depended 
on the overall semantic context and the size of the form class of words 
from which the ^art^ij:ular word was drawn. Again, these' results sUggfest 
that grammatical and semantic information are 'Subjectively separable; - 

Treisman ' (19^5) attempted to measure the separate effects of seman- 

tic and grammatical constraints. She used 100 word passages: "tl ,\2 , 

4^'^,, 6^^^, '8^*^ , and 9^*^ orders of AE; two- prose passages; one a highly 

predictable children's story about camping, -the othelr an extract from 

the novel Lqrd Jim by, Joseph Conrad; and ^ passage of. "Syntactircal 

English" in which the words vtere selected randomly from Cord Jim , except. 

for the consTtraint that, each word had to be 'the same ^part^of speedh as^ 

the word in the same position in a sampl^g lOOrWord extract chosen to 

provide a grammatical skeleton. An example -of the .outcome ^of this pro- 

cedure was . . " ' , • /. fc- • . ' \ " . • 

'*Up that scene the' way had forgott^n'^ oTnaddeniTig lumpily r^"^ 
^ ^, down a'bea^J. He 'is perf ufictori ly soft with them to • * 

^ scatter .you if he was called and helji to .process .... 

'riiese' kinds of word ^trinj^s aros also cal led --anomalous^ sentences (Marks 

S Miller, 1904; Miliar JsaVd; 196.5). ^ , « C 



The experimental task was to guess every tenth word (previously de- 
leted> so each S had to guess 10 words. There werS two groups p./ lOO Ss 
each; each group had to guess a different lot of lO vvoxds, so • that in toto 
there were 100 guesses for each of the 20 words for all the 9 passages. 

Treisman' defined the information content of each word as -Ibg^p 
where p^ is the probability that a word will be guessed ' correctly- An 
estijnate of that probability was obtained from the 'frequency of j:orrect 
guesses (each of the' 20 deleted words had a total of 100 guesses). The 
correct word for any deletion was assigned a minimum probability of being 
•guessed correctly of 0.10, hence the mximum -value of th^ information con- 
tent for any word was^6.64 bits. (Thes, mo r^ often a wcprd was guessed cor- 
'rectly the greater its redundancy or predictability, and so the smaller 
its ijiformation content). 'The average word information content (Wl) for' 
a .passage was defined as the mean amount' of information contained by the 
20 deleted words. - ' 

^- , Since^ Treisnian ^felt that ^the competing response^ in the total ^en- 

sSmble of S's guesses might jalso affecf, Jiis' performance, the average 
. . > ■ • 1^ ■ ' , " ■ • • 

amount of information contained by ' all, the guessed made was calculated. 

If there are -n different words, guessed for a particular^ deletion, and 

' th * ^ 

if the -frequency of guesses for the i word is p^, then the entropy o^" . 

the distribution of responses for each blank, or its' distrimitional en-. 

tropy (DE) may be defined as. follows: * ' ^ 

• . «• 

. DE= - - (p.log2p.) 



The DE> of a particular passage was obtained by finding the mean DE for all 
itSv2!0 4®l®tions. ""An'analysis of the conceptual constraints^or semantic 
context 0ffectsf wa^ made by taking guessed words tlj^lsimilar meaning, 
grouping them in "synonym cLusters", and Calculating the DE of the clusters 
in the same way as for words. ■ 

To c6n^ute/the "grammatical constraints, the DE of parts of speech was 
calculated. For this calculation an S * s guesses were classified as either 

^iiDuns, pronouns , adjectives, adverbs, prepositions , conjunctions or arti- . 

# ♦ ■ ' - . 

cles. It should be- ^noted , that "for both the DE af. synonym clusters and o£ 

parts of speech , the maximum., information content is less than forewords, 

. .." ■ ' ■ " ' ■ ■ t ' ^ 

simply because %ie number of response alternatives has been reduced; For 

words, the pos-si.ble number of^ifferent^ guesses was 100, , but for parts of ^ 

speech^it was onlry 8,, :ii . ■ . . 

Trei'sman^'s results 'are sruihmarized in Figure 1. She found that in- 

creasing the order of AE increa§eds 'the redundancy of al-l her measures.- 

Although the easy prqse was mpre redundant 'tlian/6th order AE, the dif- 

ficult prose (the extract fre^m Lord . Jijn) , althou^" grammatically re dun-- 

dant , »had a higher semantic inforifiation content. The syntactic' EnglisHi^ 

■ ' ' * ^ ' , \ ■■ ' ' ■ ' 

was not only extreme^fy high with regar-d t6 semantic information content 

• ' - ^ ■ ■ ■- ■ , 

but it s"" grammatical redundancy was tha^same -as thev first order AE. \ , 

Treisman argues that the diffef^nt regressiaii sl6pes-of DE (parts s>. 
of speech) and the«^ other DE ijie as ures**^ imply that syntactic and semantic 
eues make independent contributions to word guessing". However* the dif- ,.- 
ferenc<^ in slopes may sifKpLy >e due to the different ceilin*g* of informl-_ 
tron consent between the various -measures ^vhich w^s' mentioned.above. 




Figure L. 



Treisman's (1965) "results : D,E, in bits for various 
measures plotted weighteU order of AE, and other passages. 



: Mareover, the results from the syntactical English suggePst a rather in- 
timat^ relation between meaning and structure,^ It ,seerns that^the overall 
conceptual coherence of a passage is of great importance, and the i'n- 
ability of Ss to guess the parts of speech correctly in the syntactical 
'English condition implies that meaningful associations ' come first, and . 
afe pfior to the structure-, at least in a prediction task of this kind. 



One factor for which Treisman did not, contra^ is word. -frequency . 
It was remarked above -that the Dale-Chall i]E^deXa^nich is based on word 
frequency, is correlated with both le'arhabiiit^^nd predictab^^^y . It 
is possible that /the differences iji- predictability between the passage^s 
r from Lord Jim and the easy prose- sample, may simply, be* due to differences 
in word frequency between the two passages. Aborn^ ^ Rubenstein (1958) 

have shown that when Ss 'are allowed several attempts. to replace a de-' 

ft ■ . ^ . ' - " 

leted word, they begin with common words, and move on to more infrequent 

words. It is quite possibl^^hat sequential semantic constraints and 
word frequency are' both operative* in Cloze tasks, but no one (to my 
^knowledge) has as yet separated these two variables. Some evidence 
that semantic constraint per se is inportant is provided by Shepard 
(1963) who gave Ss a fixed period of time to generate as many replace- 
ments as possible for a deleted v/ord in sentences of varying length, . 
He found that incr^sing ,the amount of context sharply reduced the 
rate of generation of replacement word^. He also confirmed Aborn, 
Rubenstein 5 Sterling's (1959) finding that contextual effects were 
asymptotic after the length of the bilateral context was increased 
beyond^ten words , 
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/'"' The studies -reviewed in this section show that short term sequential 
dependencies (semantic an4 structural) , overall context, word frequency 
and form class are all important in helping to guess words that have been 
deleted from a text. Predictability is also related to learning. Ruben- 
stein § Aborn (1958) \whojse experiment was discussed above, found a mbder^- 



ately high correlation between predictability and /learning. 
[ Slamecka a946b ) , using the successive guessing technique, developed 

^ six 20 word sentences varying in predictability. An example of high pre-. 

^ dictaUility is: "The young child must learn that two and two are four, 

I beyon4 th^ shadow of a doubt"; and an example of low predictability is . 

'".Vith many games, good balance or speed on a return swing produced V)[hat 
- ' teams generally judge as being proper play." Slamecka found that pre- 
^ dictability (or contextual constraint) exerted a strong influence On 

^ sentence acquisition, but a. rather lesser influem:e on sentence reten- 

I tion, where remembering was assessed by re- learning after 'a six day re-, 

tention interval. In general, it seems that . predictability , whether 
I assessed by the Cloze procedure or successive guessing, is an important 

variable in leaming and remembering word strings. 
1 ^ Although the evidence which has been presented indicates that pre- 

dictability depends on structural as well as semantic factors, the only 
structural factor as yet identified is jBorm' class. Sequential con-. 
I . ' straints have been referred to, but they have not been further described. 

Clearly, the operators- which determine sequential structure are gram- 
1 matical rulers, and indeed there are studies whic|;i show that grammtical 

j ' structure per se facilitates learning. 
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Epstein (1961) required £s to learn 6 different kinds of sentencgs, 

examples and descriptions of which are shown dn Table 2, From'the ntiraber 

of trials necessary to- attain cfiteribn, it can he* seen that the addition 

of properly plac^ grammatical tags to a string of nonsense syllables 

significantly facilitates learning. From a second study '(Epstein, 1962) 

he concluded that the facilitative effects of grammatical tags depend not 

* 

on the establishment o£ any sequential associations, but on the fact that 
the tags allowed the word strings to be treated as units -In a related 
experiment, Forster {l&6'6b) also found that grammatical tfeigs assisted 
learning, and that the assistance was not mediated by merely providing cues 
to serial order. * V 

An aspect bf sequential constraint which has not been'' explicitly 
discussed is inter-item associations, although the semantic component of 
predictability must obviously be related to the associatisbnail relation- 
ships of the individual words . Although the operation of associations is . 
constrained by context (Howes 5 Osgood, 1954), the presence of pre- 
established inter-item associati^s within sentenqjes dp. contribute to 
learning (Johnson, 1968; Rosenberg, 1966, 1967a, t967h) . 

Predictability is a response measure. It is a subjectively defined 
function of the grammatica'jb, structure of the Sentence, and the character- 
istics of the woTds (absolute and contextual fre^iuency of occurrence) that' 
comprise the sentence. When we describe predictability, we are not de-r 
scribing an inherent property oT a sentence th*at is independent of the 
outcome of the processing, or interpreting of that sentence by a person, 
In a sense, the predictability of a sentence is an intervening measure. 



TABLE 2 ' 
SENTENCES USED by EPSTEIN (1961): examples . 

Trials to criterion 



!• nonsense syllables, with grammatical tags 
plus function words • 

> ■ ' ■ 

"A vapy koobs desaked thie citar molently 
urn glox nerfs", 5.77 



II, same as I, less the grammatical tags 

"a Vap koob desak the citar molent urn • , 

glox nerF*. 7.56 



III, Items of I in a random order. 

-"Koobs vapy the-um citar nerfs a molently./* 8 ..15 

IV. Same as I, with the ^grammatical tags channged 

'* ' - • 

(J _ 

'/\ vapy koobed desaks the citar molents urn - ' 

, glox nerfly .6,90 

V, Anomalous sentences • 

^ ''^Cruel tables sang falling circles to empty 
' bitter pencils^'' 3,50^ 

- \. 

VI. Randomized words 

^'Sang tables bitter empty cruel to circles 
pencils fal ling* 'I ' 5.94 



A 1 



33 



one that follows its logically defined construction, anc| -^precedes its 
learning by -a particular person. 

We have noted thai; a sentence ^s structure is described by its 
granunar, and- that grammatical factors are important in learrt5j;ng and re- 
.tention. The next step' is to explain the grammatic^ descriptions of 
sentences a little further. 

Grammatical models of sentence structure . 

There are three kinds of generative grammars which are capable of 

producing English sentences (Chomsky, 1957). They ate finite-state 
grammar (FSG) , phrase-structure grammar (PSG) , and transformational 
grammar (TG) . ' 

Finite-state grammar (FSG). A FSG is a Markov source, in that the 
process of formulating sentences is viewed as a series of selections of 
words, each selection being determined by the antecedent words. This 
model generates sentences in a left- to-right fashion, each word depending 
only on the preceding words. It is apparent' that the grammar pre-supposed 
by Miller 5 Selfridge (1950) is finite state, as the selection of any par- 
ticular word depends on the preceding words. Although the matter has not 
been made explicit, predictability studies which are simply concerned with 
the preceding amount of context are based on some form of FSG. 

One attraction of a FSG for psychologist is that it is quite closely 
related to association theory. For example, Hull (1930), proposed a 
chaining theory to account for sequential activity in which each response 
produced a stimulus' for the next response. .Essentially, his model may be 
represented by a simple Markov transition matrix. Staats § Staats (1966) 
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S-R model of language production -also may be represented by two sets of 
Markov processes, one set dealing with the sequential probability of 
grammatical form class, the. other, embedded iu the first, dealing with 
the words within these form classes. 

However, FSG has some, drawbacks It is not in principle adequate 
as a grammar of English (Bever,' 1968; Chomsky, 1957, 1959; Fodor 5 Bever, 
1968; Miller 5 Chomsky, 1963;. Mijrler, Galanter 5 Pribram, 1960). It is 
counter- intuitive, in that most people are aware of the endings of their 
sentences when they are sti"^! halfway through speaking them. Abom 
et ars (1S59) and Shepai^fi* s (1963) finding of bilateral influence on 
predictability would not be expected ^by an FSG. ^j^eii^'s (1962) and 
Forster's (1966b) findings that grammatical tags. have an^effect over and 
above the facilitation of sequential associations aL6o suggest that a 
FSG is inadequate. Neither do FSG*s provide a way in which chunks may 
be ^easily inferred (order of AC introduces artifici al""fractures into the 
word strin^TS that are not noirmally present in the natural language), and 
we have already cited evidence which shows the importance of chunking* 

A consequence of the necessary inadequacy of FSG (it has been proved 
by Chomsky that it cannot generate all and only all the grammatical sen- 
tences in Einglish) means also tliat association theories are intrinsically 
incapable of providing a complete account of lan.guage behavior. That is 
not to .say that associations and statistical probabilities of responses 
are, not. important; they demonstrably are. However, they are not suffi- 
cient, and so we must look further^ for an adequate structual description 
of sentences^ 

35 
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. Phrase-Structure grammar (PSG) . ' The aiaimjljat. a set^of ele^Hiefits is , 
structural means that a change in one' element^|reates syst^filtlx; changes 
in others, even if these others are remote from the first- ,Tl>is claim is 
ceVtainly true of sentences; their elements are hot .independent, /and the 
problem of measuring sentence structure has.arisen" from the question of 
how this inter-dependence should be assessed. A further complication in 
the case oi sentences is that not all inter- relationships are equally 
strong; the structure of sentences is hierarghical, ' ' c^. 

,A descriptive PSG takes structural Units (properly morphemes, 
although parts /of speech will serve in thiS^ insfance) and expresses the 
relatignship between them either V nested labelled bracketing -or by a' 
tree diagram (which is also called a phrase^^arker dr . P-marker) . Both 
■descriptions are illustrated in Figure 2 . They are actually a special ■ 
case of the set of possible kinds of P-nfetkers, called a binary P'-marker, 

' ■ / - . • 

which IS 'obtained by Immediate (jonstitugnt {IQ) analysis. 

The basic procedure that is used i)i an IC analysis is to take a 

sentence, and divide it into two units . This division usually divides 

the- sentence into the subject and the predicate. At the next level 

down these two constfuctiona (the .sub feet and the predicate) are them- 

selves divicled into their major Constituents , and so the process con- 

tinues until the whole binary tree is complete. The process is i 

• • ' 

'illustrated, in Figures 2 and 3 . . , ■ - ' 

T"'^ — ^ - . ■ ■ 

One virtue of PSG is that it can distinguish rather easily be- 

-■ . - 

tween many sentences which have exactly the same word sequence (and 
are thus identical from an associationistic view) , but are actually 
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Noun Phrase IMP) 



Article (T) 



The , 



Noun IN) 



Rug 



["^^hV^KXQ^^ (VP) 

VerbtV) ' Noun Phrase (NP) 

Article (T)- * Noun (N) 



Covered The 



Figure 2. An example of constituent structure analysis. 



Platform 
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ambiguoys, * For example, consider th^ sentence': 
(1) They are cooking apples. 

The ; word cooking may be either a present participle or an adjec- 
tive. The alternative meanings c^ be readily expressed by bracketing 
the words into successively larger units, or by means of a tree diagram. 
The altern^ative meanings are shown iii sentences 2 and 3 below and also 
in Figure 3. • , ^'^^''"^''T^ ^ < 

.(2) QCThey.) ((an^e; cookinjg) impXes))) . 

(3) ((Th^y) ((are) (cobkinXapples})) • 



s 



A way in which P-markers could be ysed in a model o£ sentence genera- 
tion has been devised by Yiigve (1960). ' Consider the sentence: . 

(4) The old man has very weak knees. , . 

Yngve assumes that ihitially this sentence might be represented 
by s^me symbol S, leaving .th% nature of S .(image , expression , qoncate- 
natioirof neurals events ; pride of r^s) unspecified, Hq then generates 
the sentence by means of so-called binary rewrite rules, which start at 
the topmost node (S) of a sentence, and proceed to work down through sue 
cessive nodes until the sentence is generated from left to . righto^ The 
process, which is really the reverse, of iC analysis, is illTiisfrated in 
sentence 1 in Table 3, The tj;ee diagram which is generated by the con 
tinued application of these rewrite rules is shown in Figure 4 , 

Yngve was interested ^in problems of mechanical translation, but ^ 

Martin § Roberts (1966) have suggested that his model can be raadily be 

• " ^ t " ' 

coordinated to a psychological model of the 'listener and the speaker. 
The occurrence of any one word m a sentence (whether uttered or heard) 



•R^wmte/ope rat ions necessary to generate the cjld man has very weak knees , i 

0' • ■" • * ' ■ . 

The, rewrite (or decoding)^ operations themselves are preceded by an aster-. 

isk; -other operatuwis merely translate word classes into words. ^Td the 

right of each' operation the specific jiodes being- held in memory are shown. 



i 


Operation * 




it C 


J * 






T V N'P^ 

/,, • 


• 


T 


/ ■ " 
The - 




* NP^ 


• AdjP + 




Adj 


J old 






■maai 




^ 

* VP 


V -r NPj ' 




V 


has 


e 

• 




AdjP + N2 




° *" Ad jP 


Adv + Adj 2 




Adv.; 


very , 


/ 


- Ad42 


weak .* 




^2 


knees p- 


<3 



Node§ stored in memory 



VP 

NP2, VP 
VP 

0 

VP-, 

VP 



NP. 



N2- 

Adj2,'N2» 
N2 . - 



J- 



S = sentence,^ NP = noiin.^phrase; VP*>= verb phrase; T = article; 

Adj = adjective ^ N ^ noun, V = verb,- AdjP = a^ljectivo phrase; 
Adv = adverb " • ' ' . 
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Sentence} The Old Man Has Very Weak 

Yngve Numbers: 2 2 11 2 1 



Figure 4., 



The tree diagram or P - mai:kervo£ the illustrative sentence 
The old *toan has very weak knees , ' The Yngle numbers 
associated wixh eaCh wb'rd are also shown,, 
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carries implicatioff^s^or following wcrrds . For example,, in sentence 4; 
the first word, the , iK^lies '-a noun phrase and a predicate. The second 
word; old, irnplies tlje completioh of the noun ^hfr^se ,9.nd 9.' predicate. Sim;- 
ilar\y!, the othW words imply succeeding words of certain particular . > 
classes / : V . ' , . / . . ' 

,. . : ■ ^- - : : ■ : 

I Now it is clear* that some words .have/mo re iirtplications for the "re- 
' maini^ng words; than others; for example, the first is 'always pregnaiit with , 

sententi?.! possibility, while tihe final word is always bafrren* It may be. 



tici 



con-A^niently assumed that at the time, any particular terminal word is 
" written out (of received) t*here' exists a set ^ of expectations about what 
classss of words are to come, these expectations (or in- the .ca^e of the 
speaker, intentions) being carried in short-term^ memory (STM) . The 
finiti capacity of STM is well established, aiid so':;Lt. comes as no sur- 
prise that the. number of nodes which may be inrolied at any one time are 
quite; limited. This Suggests that the. average number o5 nodes in STM 
during the' course of a sentence might provrde an ,index of i^erhaps com- 
prehension or learning;, difficulty Equally well,' the number'\f nodes" 
n STM for'^ particular word may be said to reflect the depth o*£.stfuc- 
embecldness of that word, ^- 




t^i^^al 



n the case of sentence 4, the nunibefr o£ nodes in STM,. for eachXter^ 



f 



lairaalHvcJrd are showri in Tabley3 , - the number of |i(i/de^. Jin memory for a\ | ' 

word maiy also be Q!3.tained ^y coun^tino; the. number of bijianches leading to / i 

■ f ^-'^ /■ / ' . ■ ' 

.that wopd in the tree diagtairi (Yngve 1960^. 'Mai^tinA 4 Roberts (1966) / ^ 

have sijggeS ted^^hart such T^jumbers <:^lled Yn 

follow ^heir suggestion, leomputatior 
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ffVe numbers^ and we will 



s of Yhjgv4 numbers are shjown i 



ri"'?;'' 
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/ 



Fi gures 4 and 5 . 



th 



} s^^Some basic properties of vkgye numbers *are worth noting., Fijiirst , . 



factors as word- class 'un- 



he"j?>carry only structural i^fbrmati^ 

•certainty are not taken into account. .Jhxs i\ because Yngve numbers 

are assi<med to word classes only on the basis .of structural relations 

b^^tween word classes. Second, an Yngve nuiriber must' always be a non- 

'negative integer: it is zero only for the final position in the sen- 

tenc^. ,If Y; is the Yngve nuiiiber of the i position, then' Y^-1 , cannot 

be l,ar gar than 1; and if there a^re n words in ra sentence , the 
/ u. ^ " • 'hi ^ ''^ . • ■ * ■ . 

.largest Yngye nuirber cannot be larger than n-1. Given thejie proper- 



' ties, the me in depth qf^^a sentence is boufi^ed as' follows 0/here mean 

depth is equal tp the average^ of all Yngve jiumbers of the ^e;^rate 
- vvord^ , and which may be 'Vt^irtten as Y) : ! 

; <'rl-i>/n T (n-13/2 -1 
Yngve's ipdex i'S. not the only possible 



me 



asureXof sentence co 

\ 

■yy i^it entirely 



m- 



pl'exity that'niay be derived fa:om..PSG P-^markers, no 
: adequate. Structural^ ^nibeddefiness is' defik^ed in such'.a\way tjhat left- 
" branching, seif-emb^dding and multiple brailching- all- coVtriMite bquSl- 



I --ly^td deptfir 'However , Miller • (19 



shown that a- malti/piy aalf•-embedd^d se>ntencei is particularly 
^ i(\ understand;../ But this evidence 



application o£ /Yngve measure .to 
■ Tyansfg)rmat:ional Grammar (ifQ^ 



2) and Mi 



^er § Is.?.rd ^^1^64) hav 



di fficul 



doe'?, not, o^ course, invalidate the 



(jpher sentences. 

/ 



V/hateve c the Nosef^lneifes lof PSG to 



Lonal 

^ pSycholjogical] tfeory ,.^ilf is ni)vf| Ujierally jagreed by lin 



in fjtri 



inciptb insufficient 



to Drbvide an adequate generative model 
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I 



Sentence • 
> Yngve no. d p 











1^ 


^1 l\ 1 















Photograph 
1 



Has ^oBeen 
3 . 2 



Taken , , By The v; B^jy 



Mean depth' ar Yngve value af sent^i:eV= Zd/na.af v|ards = ll/8= 1.375^ 



Sentence: 
Yngve no. d = 





The 
2 



Secretary Has Typed/ The 

'I . 2 \ \ 

Mean depth or Yngve value = 1.167 



/ / 



Poper 
. 0 

Gfl-301 



An il 



lus tration^l of the' way Yngve values are calculated. 
The Yngve nuijnbOT of a parti cup! ar word is its depth of 
embedding m the sentence, and is the s\im of the left 
branches of the tree at each/node, when proceeding from 
the top of tree *down to /the word in question, 
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of language. C 



■r 



]ert&iiiijcinds of sentences cannot ^e. properly handled 6y 
a PSG.; For exalriple, consider: 

(5) John is\easy to please 

(6) John is e^ger to please V 

and . 

(7) John hit the ball " . 

(8) The ball was hit by John 

The first pair have- the same surface structure (i.N^. their trees, are 
identical), but a different meaning, while the secona\^pair have dif- 
ferent nhrass structures ^ but the ' same , meaning. \t has^^en proposed 
(Chomsky, 1957, 1965, 1966; ^4iller, 1962), that each actualj^ /surface 
sentence is derived from some underlying base sentence, and tha^ the 
sentence which is wijritten or spokerKis obtained transforming tl?^ 
base sentence. Thu$ in the examples i\: is atgues that the base sen-"^ 
tences in 5 and 6 a|e different, but tha\in 7 and 8 they ^re the same'!^ 
A satis factory- Isyntactic description shb^id determine uniquely the 



semantic interpretation of a sentence (i.e. wha 



.t\the 
itencl^) 



sentence means) . 



The deeply structure (which contains thef base sentencl^) deter nines th^ 
semantic,- interpretation , and the surface structure deternandS the 



phonetic 



form. Tlie grammar, according to transformational grammarians ^ 
.4 



then consists ot a syntactic component , which generates synljactic 
descriptions of deep and surface structures, a semantic conrponent , - 

/ ■ ' 

which assigns a semantic interpretation of the depp structure, /and a 
phonological component / which assigns a phonetic interpretation to a 
surface structure. 
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TG has undergoVie one Tnajoij! if^vision since its first formulation. 
Since the first version has had a great deal of impact rR p^yciholingui 
tics,, it ^is fit.tin/g to describe it. Consider the sentence/^ (from 
Chomsky, 1966) . 

(9) r expected the man who quit work to be fired. 
It is^ assumed trhat the sentence is synthesized in the n&nner showiK^n 
Figure 6 . The base component generates ^ree basQ P-markers, properl 
represented by symbols, here shown as sentences. These, sentences are,. 
I expected it (Bl) , Someone fired the man (B2) , The man quit work (B3) . 

A series of transformation are then performed* on these base sentences 

I* 

(actually, symbol strings). First, a telalive transformation (T_^) 
changes 83 to Wh-(tiie man) quit work . Second, an embedding transform- 
ation fT , ) combines B2 and B3, and deletes the man, to get Spmeone 
emb : ^ . — ' 

fired the man who 'q uit woVk . Third, a passive transformation (T^ ) 
— ' . ^ ^pass 

converts B2 and B 3 to the man who quit work was fired by someone . 

Fourth, another transformation (T^^^^) deletes by someone . Fifth, T^^^ 

is applied to Bl and B2 $.nd B3, to' produce I expected the man who quit 

work was fired . Finally, a tense transformation changes the final was 

to to be , to arrive at sentence 9. . 

It may be noted that some transformation^ are obligatory if the 

sentence is to be grammaticai ^ like T^g]^> '^emb* T^g]^* whereas others 

are optional, like T , and T , A so-called kerneJL sentence is ob- 
^ ' . -pass * te u • 

tained when only obligatory transformations are applied. 

This , version of TG has been rounclly criticized (Clyimsky, 1965), ,yith 
the result that the new model introduces all mean inj|^ /faring elements into 



40 




B J[L expected it ) 



(Someone fired thp man) 



B ( the moK quit work ) - T^gi 




"Timb Tie 



r 



Figure 6 , (Following Chomsky, 1966). A T-marker showing the trans- 
" formationll derivation of expected the man who quit Work 
to^ be f i re d , according to the first jv^rsion of TG. (see 
textpfor explanation) . 
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the bk^e, -with/ the task of the transformations being to inter^relate the 
sentences^ the generalized base P-marker^ (in the example) in Figure 6 , 
a generalized P- marker would embrace B1,B2, and B3, The pr&cedure is , 




\ 

illustrated iti Figur^ 7 i 

Transformations operate first on the most deeply embedded, structure, / 
and work their way up. First T^^^^ is applied to the bottom phras#, marked 
A. Then, turning to phrase B, the relative claiise and the- foll^iri^nolun, 
man, are inverted. Next, phrase C is inj:egrated, and the dummW/ subje 
pmeone, is deleted. Nfote that the passive, a meaning bearing! element , 
rporated into' th'b P-markef. Finally, the remainder of the sen- 
integrated, ar'd the tense changed* The result is sentence 5. 
Tlie critical change between -this and the previous version is that all 
the semantic information is contained in .the generalized base P-marker. 

The foregoing is relatively non-controversial. The same is not 
true about the questions of how th^ base P-marker is generated, and 
how it is giA^en a semantic interpretation (Chomsky, 1966;- Weinreich, 
1966). It is su^sted that the base (which produces the base P- 
marker) consists of tl^ parts, a categorial component , a^d a dictibn- o 
^^ry or lexicon . The categbq^al coAponent consists of rewritrn^ rules 
which are defined on either cab^goijy symbols (nouns, adjectives, A^erbs, 



etc.), complex 'mbols (category symbols ^and a matrix of semantic 
features, e,g. noun: + animate, + count) , and dummy symbols.. 

The categorial component generates a pre-terminal string of 



syrnbols. The lexical items are then inserted according to two cri- 
teria. The first is strict sub-categorization , which specified the 
syntactical restraints on an item, e.g. noun, transitive verb, etc.-, 




• I 




passive 



work 



fFollovv*ing Chomsky, .1966).. AVgeneralized base P-marker 
of I_ expected the man who o^xxit to be fi red (see text for 
explanation) - • • ' 
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and the second, selectional congruence, which specifi-es the seniantid 

restraints on an irtem, e.g., the phrase; pregnant; stone violates se- 

mantic constraints. The flow chart \of such a process is. shown in. 

Figure 8. The TG 'model is much more ambitious than PSG or FSG, 'and- 

o^ course, in a sense it includes th^se'latter two descriptions. \Vle^ 

have already "shown that although* FSG may inadecLuate. as a' grammar, 

when realized as association theory, 'or AE, it can.be qiEte useful in- 

explicating psychological processes. Similarly, the surface structure 

may provide indices of learning difficulty (Martin § Roberts, 196^)„, 

and^lt is certalnlj^ important in sentence perception (Milled, 1962; 

Neisser, 1967, Pp. 259 f f) . The' quest iorivJiow is:, does TG hav^-ony 

value a model of i^sychological functioriijigf • . • ^ 

• ■ ^ - ■ • ■ ^ f . ' . \ ^ 

If the meaning of a sentence (that pa^rrt af it which is importaftt 

for. unders branding or comprehension)* is found in the abstract under- 

lying .base structures, thefi speed of understanding should be related 

to "the number of transformations which int^f-vene between the base -and 

surface P-njark^rs. This- prediction.^has been, widely tested and with 

some qualification/ h^s usual ly, been 'confirmed (Clifton fr Odom, 1966c 

' . • 

Clifton, ICurcz § J^kins, 19j65; Gqugh, L96Sj Mehlei", 1963;' Miller, 
V^^2\ Miller fi McKeaii, 1964; ' Slobin, 1966; Ervin-'Pripp Q Slobin, 196'6) 
In a sub$equen,t section concerned^ with theories'of memory^ we will 
discuss this and, otfief, evidence in .ntoi^ detai.1. • , 

Theories of memory and some related evidence . ^ , 

»• 

Our diecussion be.gan with questions about the ways in which sen- 
tiearivceV naght be^de^cribed in order that the retervtion of sente?>ces 
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could be studied. We have seen that meaning density, chunkability , pre 
dictability (syntactic .and semantic) and structure are a-H " important . 
It is. now time to consider some theoretical conceptions of memory, ;5ome 
of which grow out of the-previous discussion, and related evidence* 

Traditionally, memory has been regarded as a complex netv^ork^of 
assQciations> the elements ^nd their bonds *being conceived accordiR^f-tj: 
classical association theory (Bahrick, 1966; Humphrey, 1951, chap. J; 

Wales § Marshall, 1966) . . It seems- indisputable that memory is associa4 

'I. - ' ■ 

ttve, with discrete elements (specific memories) being stored, but it 

is equally beyond dc^ubt tha-G memory has dynamic and structural I^harac- 

teristics as well (Bartlett/, 1932; Neisser, 1967). Indeed, for|some,. 

• memory is organization (Maidler, 1967, 1968). But there is a great 
deal of evidence which shows th^t associative connections are Imppr- . 
t ant (Adams, 1967; Cofer, 'l966, 1967). The truth of the matter is** 
probably that associative relationships, are both organized , and ^ 
structured/ and it is the extent of the role of the organizing' or 
structural factors which is interesting. 

In the first theory that we will consider it is argued that 
memorizing involves abstracting information from^the input^ storing 
the abstracted (and re-organized information], and then reconstruct in-g 

^Vr%' input at recall. Bartlett (1932) and Katdna (1940)' were among ' 
the originators of abstractive theory, but the mosj; 'recent statement 
of .the general idea comes from Gomulicki (1,956), Bartlett found that 
in the recall of prose passages many details were omitted, others ^ 
changed, and still, others inverted. He concluded that the past 
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operates as an organized mass rather than a group of elements, each of 
. '* . ■ ' \ ' • ' 

which- retains its specific cha-racter. However, as Katona realized, it 

is- possible to remeniber detail.,; andUndeed fixed trace, or association 
theories have enjoyed tjheir greates£\success4s in the field (5f learning. 
Gomulicki' argued fhat what is 'needed\ is, a flexible trace theory. Using 
prose passages of varying' length (13-95 words) and immediate free re- 
ca^jdir^e' found that^Ss omitted material, in a highly selective fashion, j 
uki report ant: words, phrases, and even sentences were deleted, indicating 
tl^at an abstraction prbcess (called mnemic abstraction by ^Gomuj.icki) - 
was operating immediately on incoming material. This same process had 
'been noted b)^ Henderson (jigOS), and Le^vis (1933) ,| but ijiot by Bartlett,. 
who,' in obsejbving repestepl recalls, was more §ttongly impressed by the 
vulnerabi'lit'y to distortion' or for/getting of every aspect of the in- 
put. ' t - i . I . 

V j ' ' \ 

Gomulicki 's" findings imply that an S is able to decide immediately^^ 
Hvhich parts" of ja sentence" are inlportant, and abstract accordingly, ^n.- 
fact, he f\und that verbs were best remembered, followed by. agents (the 
logical subjects) , followed, by the recipients of an action! Items 
which retarded the narrative of a passage, such as purely descriptive 
sentiences, were remembercdHl east' well. These results led Gomulicki to 
■conclude that what is remembered' is an action - agent-e f feet unit, which 
in'Gestalt terms compris.es the figure of a passage, the remaining words' 
corfstituting the ground. - 

Evidence suppontin^; nomulicki's view comes from ManJller & Mandler 
(1963). Ili^ey presented sentences as^ serial lists, a word at a time, 
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using an anticipation procedure. They found that the normal U-shaped 
serial' learning' curve did not appear; whether or not a word was learned 



quickly rather de^inded on itsr contribution to the d|re meaning of a 

sentence. The cofe njeaning was not always organize^ into syntactically 

val\id units either; any meaningful conibinatiori^^^of words could serve, 

but\usually the core meaning was parried by an action-agent-effect 

unit, A typical result is shown in Figure 9. Pompi § Lackmajl (1967) 

propose a theory which is simi'lar to Bartlett's, They write: 

, "The point of view taken here that a- fundamental 

characteristic, and perhaps tite central mystery, of 
meandngfully connected discourse, is that is generates 
suripgate structures which are^'not absolutely depend r ( [ 

ent tipon the verbal material. The structure o| the 
discourse is critical; aisurrogate system (some 
combination of thcm(|!, tmige, schema, abstract, c 
summary) depends fo:- itjs appearance upon^ amon^; 
otlier things, the wdr^l 'c^jrder of the meaningful - 



or 



material .... ' ! 



Implicit m this statement xs the view, that an 
agrammatical list of words. may generate an 
"essential idea" Or surrpgate process if 
associative relationships of sufficient mag- 
nitude exist between the Vord". (Pompi ft Lachman, 



/ 



1967, Pj). 143-144^, 
They carried out two exj^er|me^ts , testji^ng the recall ,and recogiiition of 
73 word passages gf- connected discourse^- Tliey found' that the data were 
consistent with the view that Ss store sui^gate^ structures^; in other 
words, Ss recode material into semantic chunks, :£n argument which is 
very close to that advanced by Henderson (1903) about the importance 
of Kj::^ or m^eaning uni ts In Pompi G Lachman's formulation though, the 
surro^^ite structure may use diff^'rent lexical items; from the original. 

A second theory Of r;:.'Por> cor*j> from !(;. In essence,^ the argument 
is that what is stored is the deep structure of a sentence, and so 
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learning involves recovering the deep structure from the surface *struiv - 
ture, and recall requires the reverse process. It follows that ^ -insofar , 

as sentential complexity is a function of syntactic variables, the conn 

A 

plexity of a sentence is measured by the nuinber of grammatical transfer- 

■ * 

mations intervening between the deep and surface structures. -A plausible* 

/ • ' ' ' * " 

addition to- this hy^pothesls is that the meaning of a sentence and its 

syntactic characteristics - are in some wise stored separately (Milj^i^ 1962) 

Marks 5 Miller (1964) gave Ss a set of 20 sentences^M^^aiT^m 

free^virecall task. They used four kinds of worc^s^i^n^^ granunatical and 

meaningful sentences, grammatical but^^^mantically anomalous sentences, 

anagram strings, and random vsrord strings , Examples of each. kind are^ 

shown/ in Table 4 . Semantical ly a;iamalous sentences were created by re- 
* ' * ' ■ * 

placing w'ords in a particular, sentence with other words of the same 

form class frpm elsewhere in tTie list of 20 sentences. This procedure 

resulted) in a violation of selectional restrictions. Anagram strings 

were created by rearranging the word order of grammatical sentences, 

g in a violation of rules of strict sub-categorization (as 

some cases, as selectional' res triptions) . The random word 



\ 



resultiii 
well, in 

ijtrings were obtained by randomly choosing individual words from var- 
ous of the ^20 sentences; 

The dependent variables (obtained from the free recall test) were 
t^tal number of words correct regardless of position, number of strings 
corppletely correct, and the number of words which were correct and, pro- 
perly positioned.' Overall, normal sentences had many ^ fewer errors than 
the oth/?r word strings^ anonalous sentences and anagram strings had 




Examples of the types of sentences by 



Marks 5 Miller (1964J , 



SENTENCE TYPE 



EXAMPLE 



- Gramniatical ; 



Gallant gentlemen saved distressed daSnsel-s 



Anomalous : 



Gallant detergents fight accurate fumes 



Anagram String: 



Distressed gallant saved damsels gentlemen^ 



Random Words : 



Accurate gallant fight fumls de^rgent 
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approximately the same nuniber of errors, and the greatest number of. 
errors were due to the, random word strings. 

Marks 5 Miller also looked into different .kinds of errors; in : ■ 
particular, those of inversion, bound morpheme location and intrusions.'- 
A summary of the distribution of error types is shown m Table S . Jhey 
argued that intrusions can be considered' as semantic errors, related * 
to decisions as to which wqrds may combine in a sentence, and thus they 
occur most frequently in anomalous sentences and word lists, where 
semantic rules axe violated. Bound morpheme errors and inversions tan ■ 
b^B^^onsi^dered as syntactic errors; the first related to grammatical 
tags,- and the second^^ word order. It may be seen from looking at 
Table 5, that these occur most frequently in anagram strings and warcl 
lists, where syntactic rules are vi-^^lated. The association of semantic 
errors with semantic violations, and syntactic errors with syntactic / 
violations, 1 (id Marks S Miller to conclude that meaning and syntax^are 
coded separately, ^ ^ - . ' 

Mehler /(1965) compared immediate recall of differently transformed 
sentences. He used active or kernel (K) , |passive (P) , negative (N) and 
interrogatory (Q) transformation^, as weli as the fo^llowing combinations 
of these, PN, NQ, PQ, and PNQ, Recall was aided by a prompt word, eithej:^ 
the subject or object of the sentence. He found that kernel sentences ' 
were leaifned mare quickly and that error? that did occur were usually . 
ones of /simplification. He concluded that the transformation applied 
to a sentence' was coded separately from- the sentence its'elf. 

Savin Ft Perchonock (1965) lised.a task based on 'Archimedes' ' * 



. TABLE 5 



Sununary of Marks 5 Miller's (1964) r'esultsVfor error types. , 
(Shown 'are the mean, proportion of error^^over all trials per S_) 



I 



SENTENCE TYPE 



ERROR TYPE 



Inversions Bound Morpheme. Errors ' Intrusions 



Grammatical 



,02 



.j3 



,06 



Anomalotis 



,07 



27 



1,-00 



Anagram strings 



Random wbrcis 



1.94 / 



30 



2.63 



1,44 




.94 
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.53 



Principle in which Ss were presented with a sentence plus eight un- 
related words, -and then immediately had to' recall both the sentence 
and the words/ the'nuynber of words that could be recalled provided 
an index of the amount of space in short term memory that 'was occupied 
by, the sentence.. They found that the number of words recalled de- ^ 
pended ^on the nu^nber of tran§.fqrmations ^contained in the sentence, 
and sp concluded thstt a kernel sentence was stored separately from 
•any transformation tha^ was applied to it. 

Clifton, Kurcz, ^ Jeifikins (1965) presented S^s with a test list 
of 9b sentencQ^s., 48 of which had been seen previously, and the Ss had 
to press a key when they detected a sentence that they had seen be'fore. 
The Jistractors Cor new sentences) varied in that they were either the 
K, N, P, or PN form of the old- sentences . They found some eyidence 
that sentences which are grammatically similar are also similar 
psychalogically. However, the relationship was not a simple one, in 



that the probability of falsely recdgnMing a new sentence as an old 
one Was di^feren/ for the different transformations, and the effects 
of PN werelinot I simple additive, function of the effects of P and of N 

se.pgfrately .1 

Further evidence about the relationships of the transformations 
imposed on a sentence to t)ne another, is provided by Clifton ft Odom 
(1966), arid Sl0bin(1961) . The first two authors found that in contra- 
diction to.Mehler (1965) and Miller (1962), a prism, model rather th/an 
a cube model of the relationship between the various optional trans- 
formations obtains (See Fipure 10) . Tliey re-analyzed. Mehler's dat§ 
/and concluded tliat they, too, fit a prism better tfcen a cube ir.ociie'l . 



Go 




e 10 . (Following Clifton § Odom, . 1966) , A schematic representa- 
tion of the cube and prism models^ both of which purport to 
describe the relati/on between the various transformational 
.operations . j j 
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B.5 

' \ I 

> ■ ^ f 

\j ■ . . • ^ ' ' 

Slobin (1966) founk that syntactic and semantic factors interacted when 
sentetice^ were verified with respect to pictures. He found that syntac 
tically simple negatives took more time to verify than relatively more 
complex passives . 

The evidence supports the view that P, N, and Q carry a semantic 

\ ** ' 

component, an opinion arrWd at independently by ling;uists. These so- 

called transformations really belong^in the base. The' experiments 

which we have discussed grewXout of the, first version of*TG. In gen- 

' • \ ' • ^ 

.eral,. their' outcome supports tne second version^ ^ 

These results do not, of cdurse, inform the hypothesis that the 

\ 

complexity of a sentence depends Vin part) on the number of transfer- 

mations used in its derivation. They merely indicate that some opera- 

.1 \' ■ 

ti'ons presumed to be transformational were actually not. 

\ ' ' f 
A modification of this view comek from ' Fodor § Garrett (1967) . 

Vhey :iuggest that the complexity of a sentence is'a function not only 
of the tt-ansformational distance fro.m it^ base structure to ^its sur- 
face structure, h^t also of the degree to uhich the arrangement of 
/elements in the surface structure provi4es cXues^to the relations of. 

/ 

the elements in' the deep structure. To a certain extent this view, 
and the previous one (tTiat only the number of transformation are im- 
portant) . yield similar predictions as in general, increasing' the dis- 
tance iFrom base to surface structure tends to excise cues to the for- 
mer. However, they assert that cues to deep structure, and not the 
number of transformations involved is the important factor. This* view 
also as'iur.^cs that in order to iLndcrstand a sentence jft is necessary to 
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f 

adbrehend the deep structure. 
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If it is some representatioi) of the deep structure that- is stjored i,n 
■memory, then it is conceivable that optional transformations, which, si in{)ly 
realize the surface structure, are simplj^ discarded , :;Qhce the sentence is 
understood. Since tljJe studj.es cited have used operations that were ion 
the. basis of current *TG) miaoamed* as trans formatlori rules ^ they dq not . 
test this notion. Although the number of trans forjnational' rules or cues 
to deep structure should'affect the rite of 'acquisition of a sentence, 
.once the deep structure is recovered, ' they should be^ .rapi<il>- forgfotten • 
^fhis view, is, of*eours'e, similar in soine .respects to Gojnulicki^s. 

Savin (196f)) compared memory for surface structures derived either 

by sel f-erhedding or by ri ght-branching. ^ Using the. Archimedean tech- - 

nique of Savin S Perchonodk (1965) h? fitHind that both types ^took ijp the 
• I *4 

sar.Q amount of space in memory. 'Flowevot, he found that recal^ for the v 

^ ' v - * • i 

sel f-erhtrddcJ sesitences was poorer, eve\ though their sens^^ was preserved!, 

which suggested to iSavin that the- sentend^es ivere processed aiid stored in 
terms of their deep structure. 

Sachs (1967) auditori ly' presented prose passa'^s to Ss-/ -Passages 
ranged in len-gth, from 27 to 180 syllables, and at th^ end 'o.f ,^ passage 
a test sentence was presented which was either .similar to, or the s^iAe 
as a .wntcnce in the passage „ 'Fhe nunber of syllables between the 
first occurrence of a sentence and its test was either 0, 80, or 160. 
\n example, of the variation between sentences is shown below.' One of 
tfieise would be a tost' sentence , ^ ! 

liiiic sentonce lie sciit'a L^r r \il)()ut it to (lalileo, the groat 
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Italian scientist-. ' 

Semantic change' - Galileo/ thej gre'a): Italian scientist, sentjhi 
letter abput it, ."^ 

Passive change A letter about it Jw as sent to Galileo, the great 

• * » 

if • • • . 

, Italian. scientist. • , • ^ • 

Formal change - He sent Galilao, the gi^eat ^Italian scientist, a 
'letter about it. - <> • , * ' Jl 

Sachs found that judgments 'weris unrforjnly excellent when the 
polation- interval w^s zero, but'that after 80 syllables of interj 
material the ability to rex:ognize syntactic changes had fallen a 
sharply, while semantic changes were still readijly detected. 
,3, Hef findings supp.ort any vie^v which argues that what is stor^^d in 

'* ^ - 

memory is some abstraction from the input. Her results provide evidence 

for Gonulick-i's'position, and to a much lesser degrefe, for the TG p6si- 

tion,: Although th'e Formal change was. not detected^ neither! was the 

Passive, whic4i involved a change in the base„ 

Sach^s (1967) took no account of context, yet clearly context is 
/ • • • 

^ very helpful semantically whi^le offering virtually no grammatical 
assistance. It is possible that herJ3s*, although not able to remem- 
the precise sentence, were able to determine whether or not a dis- 
t.ractor sentence was a possible candidate. Ail of thel'syntactic 
variations were consonant with the context, but the semantic ones 
were not , v " 

l^.r.:[^,:^:in Stra.-=;berg (1967) employed /sjjbjecti ve reports as one of 
their sources of data in an experiment studying. the use of grammatical 
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transformations. They found that Subjectively at least, Ss did not learn 
the- transformations through the-use of images related to the wdrds m the 
sentence. They suggest,- therefore, a "semantic recadmg'V thepry. It re- 
quires that a* distinction be drawn between the transmission cbde and'the 
semantic message . The gxammatical structure is presumed to be part of the- 
transmission code, but nat parr of the semantic message^ which is m 
memory. It seems clear ftiat singulary transformations for.^t part of the 
transmission code] and the base constitutes the semantic message. 

V 

That grammatical cues are important, regardless of the semantic 
inter-relationships of worc/s in 'a sentence, was shown by Rdseriberg (1966) . 
He compareci the effect of grammatical^ and ungrammatical word order^ and 
various degrees of free -association strength between the words, on Hhe 
acq£ii?ition of sentences, .Both factors were significant and independent. 

All of these studies have used short retention intervals . In addi- 
tion, they have not controlled for level of learning, so the main con- 
clusion IS that grammar makes a difference to sentence acquisition, and 
that what is stored i^. primari ly words with perhaps, some gramma, ical 

'markers attached, Gomulicki's hypotheses remains, as the most plausible 

« • ♦ - 

description of the end result, even though its achieVem.ent probably de 
pends on grammatical comAlexity .of some* kind, * 

' ^ [\ third type of theory of memory for sentences comes from t|SG and 

^ ■ " V • / . ■ ' ♦ 

(jTitehasizes the importance oF surface structure. ^In this theory is 

generally asserted that what is stacked away in store are chunks (Miller, 

1956J , anU that chunk boundariXis are derived from the surface structure 

of a ivntence'' 'iVe may begin by mentioning some- contrary evidence to TG 
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x.e.-tl^e psychological importance of transformational complexity.. * ^ 

Salzinger & Eckerman (1967) used nonsense syllables m quasi- 
sentences, an effect which they achieved by the judicious addition of, 
p/refixes and si^iffixes. They found that the effect of grammatical 
struccure was significant i^ao opposed to random ordt;r4,^ng> but thac> dif- 
ferent transformations had no different effect, Martirt fr Roberts (1966), 
who used! Yngve numbers as indices of surface complexity, varied complex- 
ity and Itransformational .structure independently and found no increase 
•in difficulty as tirans'formations were added, they did find a distinct 
and constituent: effeof of increased complexity. Martin § Roberts also 
re-^analyzed Mehler's (1963) results and found that they .could be ex- 
plained .solely in terms/of differences in Yjig\/e complexity between sen- 
tences Mehler also confounded-sent-ence lengch with the number of trans- 



formarional operations and Marti'n fi Roberts (^"^67) have shown that sen- 
tence length IS an importanc variable. , ' 

A PSG description has also been used by Johnson (196'S a^fi^b) as the 
basis of a model for encoding and generating sentences. There ^re a 
number of illustrations in everyday language behavior which suggest that 
sentences may be encoded in uni ts. larger .^han discrete words- For exan^jle 



there are stress 



anc}| intonation patterns Aat span several morphemos, and 



there are hesitations of varying length betwee^words and groups^ of words. 
There is plenty of evidence that pauses indicate enco'ding deocisidh points 
in speakers (although there are 'other causes)' and usual ly pauses are 

\ 

separated by several words (Goldman- slcr 1958a. 1961a\ 1*96111, 
Lounsbury^ 1934; Mad a> t\ Os^.^ood, 1959, Suci; 19^)" Tannenf)auin, 



63 



60 



Willams; 5 Hillier, 196.1^-, — Ejadence for the importance of phrases come 

from .Fodor 5- Bever yS^^S) / who fou^d that phrases were seemingly per- 

e^ived as units^ in that stimuli arriving at the receptors during the 

course of a phrase, are perceived as-'arriving at the receptors during, 

the course of a phrase, is perceived as arriving either before or , 

afterwards. Johnson suggests that there^ is a correspondence between 

the word sequences described by. a P'-markejr, and the functional units 

into which people encode sentences. 

One wax' detect the language units that Ss use is to study the 

process of response integration ^s they learn grammatical sentences. 

Jvor.nson (1963) argues . ' 

rit subjects do handle language in largo units, "they 
should integrate the units ^oefore ^they put the units^ 
tDgether to integrate the sentence. That is, during' 
the course of learning, the subjecli? should learn to . 
go from one word to the n^ext word within a unit before^ 
thc-y learn to go from the* last word of orie unit to the 
r^r'st word of the next unit. 'Theji-efore , if subjects 
^ • are scored (SIC^ for the probability of going from, a 

pip,ht word to a wrong word (i^. a. transitional error) 
for each transition within a/^ntence ^ the "probabilit i . s 
• should be lowest for tran^itpons -within units and .j 
greatest for between- unit transitions/* (p. 48) 

In a PA learning task, in- which the stimuli Were digits, and the 

rui;ponseH wore sentences, Johnson foijind a highly significant relation-' 

ship betvv-een tran^utional error probabilities (T[;Ps) and the surface 

structure of the sentenced. Two exai|^le,s of the relationships are 

.shown "m Fi ".ure 1 1 . It may noteil^that the TE pattern reflects 

\;i thin-phrase as well as bf|tw^en"phrmgc structure. Indeed, the level 

of the cor.-t 1 1, uont divi:-.ir.ri in in IC aimlysis (i 11 u;-.T.rated m guro 12 _ 

highly c,i!-re lated witli the Ti.i's. 
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The ' Toll ' Boy Soved The Dying 



.11 .05 



.12 * .07 



.03 



* Womon ■ 
.02 . 




Street IS 



Burning 



T.E.Ri 



.01 



.14 



- .07 



.02 



.12 



.02 



F-i ^ygre 1 1 Data taken from Jahnbon- ( 1965)' illustrating the way xn 
which transitional error porbabilities (Ti^E.P.s) are ^ 
reflated to the surface -structure of the sentence. > 

I ' ■■ . . 
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• Johnson (1965) reports a series of'further experiments, which show 
his result^/, couid not he accounted for in terms of pre-existing word / 
associations, although ' such associations ' certainly can have some effect, 
a qualification bdrne out Rpsenberg 01966). 

However, it is doubtful Whether a surface structure account is 
adequate. Blumenthefl .{1967) gave three pipes ent at ions of a list of sen- 
^ tences to Ss , and then, presented a prompt word for each sentence and 
asked the Ss to recall, it. His sentences were either of the form "The 
kchild was warm by the stove" or "The child was warmed by the stove". 
The surface structure of these sentences is the same, but thei^ under- 
- lying structtlre^is quite different. In .tTie first case, "by the stove" 
^- is an adverb of plsce, and in the; second case it is the logical subject. 
V/h,en the prompt word was "stoye" (or, in the other, sentences , its 
gra.v.iT.atical equivalent), Blumenthal found that recall for the first kind 
of senteiji^ was inferior to that for the second. In this case, the base 
structure provided correlates of psychological processes that did not 
exist in the 'surf^ice structure. These results have been confirmed in a' 
subsequent stuciy^by Bleraenthal §• Boakes (1967). 

Martin, Robertas § Collins. (1968) presented sentences that were 
eitliier ajCtive or passin^e, of either high or low Yngve cpmplexity, and 

- ^ 1 • . 

retention intervals of 0, ID, 20, or 40 sec During the retention 

. "* ■ ' , • * 

interval Ss counted backwards by 3s^, . They found for"^etting c^urves that 
were 'similar fn appearance to ^curves for single items like ^ri grams 
and word, a-3. though the , error rate for sentences was much greater. 
'Structural complexity (Yngve depth) ■ was not related to the retention- 

i ^ ■ ■ r ' 
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interval, but mean depth interacted with sentence -kind. Among pas^sive 
sentences less structural complexity allowed better recall; the reverse 
was true for active sentences. These results were not expected. 

They also found that their results w^e correlated with differen- ^ 
tial word form class errors,, Martin et al ^argue that word classe^ are 
differentially processed i,nto memory, and that the Tules governing this 
selective processing' are the rules of grammar. Subjects selectively 
focus on .key ^elements of the input string,* with grammatical structure 
acting as fhe functional stimulus which directs selection. Recall, 
then, would^ consist of generating a grammatical English sentence that 
incorporates 'specifically the key elements/ This provides support Jot 



Gomulicki's position and little evidence^ for either of the ot^er theories, 
^ A methodological reflection on .this experiment is^ fitting^ylartin et_ 
al, in using sentences rather than single units / introduce a coiAlication 
into thi experimental paradigm' which they losed. Particular wordslearly 
.in the sentence have a longer, time to be processed into memor^r tl^ 
words at the end of the' sentence. ' Crawford, Hunt §r Peak (1966) hi 
shown ^that retention of complex material improves over time: ti^ to or- 
ganize is important/ Sentences whose £inishes\aTF>^^ sftouldl be 



fve 



easier to remember than sentences which- are not 



Summary'. There are several views on hjow sentences and pirose are stored * 
in memory. Their basic diffJrences may be most easily shown, by a dia- 
gram, 
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From Figure 13 it can l^e seen that there ai'e roughly two notions 
about" how sentences axe ^ntered* into memory one uses a d ecodin'g process 
2nd the other an abstracting process. The decoding view is held by/ 
Jlohnson (1965) and Mller(19:62)i. Bssentially it is that a sentence xs 
rfesolved into its structural constituents in some fashion, 'either into 
a-kemel 'sentence plus, grammatical tags, or int^ some "image" from which, 
the sentence can be later encoded (but see Osgood^ 1968, Pp, 515), The . 
difference between Johnson and Miller is that the; former believes that , 
all the information., necessary to code a sentence is present (as required) 
in the surf/ice sti^licture, while the latter sees the outward and visible 
sentence as a starting poiji-t from which to^ begin the search for the under- ^ 
lying sentence. The abstraction view is held by Gomuiicki (1956) aiid 



Martin, Roberts & Collins (1968). Their position is that the grammar pro- 
vides ai neans of identifying the key words which provide the core .mean- 
ing. of Ithe sentence^ and it is the core meaning of the sentence, and-it- 
is thej cor^ meaning wlliich is stored, 

Ajs far as output is concerned, decoding theories postulate ^orre- I 
spiondiJng encodling process, and Abstraction theories ne'cessarily postulate 
spjne kind of construction process. 

From the experiments that have been reviewed, it is apparent that as 
far ..as memory is concerned, there is a fair amount of evidence. Transform 
maltional complexity, Yngve complexity, surface structure and predictability 



(sesmantically [defined) are all important factors in acq-uisition, IVhether 
they r'e:Tiain''iTiportanfc during retention is ^till an open question. 
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1 Putting the same point, in'other words; we have .seen that the more 
predictable the less transformationally complex^ ^^d the less complex in 
terms of its surface structure that a sentence is ^ the easier it is to 
learn. We do not know whdlher or not these same factors affect its re-^ 
tentioQ in the same way,. An immediate problem is that we do not knoWj 
what "IS stored^ the evidence is compatib/le with several views. These 
considerations lead to the conclusion that the chief neecf'of the moment 



IS 



for careful empirical work which wi|l clarify the relationship be/ 



.tween these variable^, and which will /apply them to as yet uninvestigated 
psycholqgiftal processes. 

■ 7 y 
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•ThlE PRESHiNT STUDY 



At least three kinds of variables . are importon-t in the learning and 
rj&membering, of* sentences: predictability, surface structure- and trans^ 

: ' ' - • ^ 

formational complexity. However, ch'eoretical ^understanding of, and e;n- 
pirical knowledge about -these variables are not abundant, at least from 
a. psychological* point of .view. Neither is there much evidence concerning 
the relations of these three factors to variables that are known ^to affect 
learning and r^mentering like the length of the ^tetention intervals Nor 

is there any more evidence about the relations of predictability and sur- 

■ V • ' ! ... 
' face structure and transformational complexity with one another^ 

Questions which present 'themselves include: are predictability and' 
tne^two co::z)lexity^variabre?; independent of one another, or do they inter- 
act m .on-e fashion, at acquisition, or during retenjtion? Are certain 
word^ learnoJ moVe readily and do'^s t)us depend on their structural role? 
Are tht? associa^y® bonds between words in memory equivalent, or do they 

/ ' ' ' ; 

differ in st^ngth? . *, . / 

Broadi4mpirical questions oi" this kind suggest an e>g}erimei.c in 
which both sentence variables and memory factors* (e. g. length of re- 
tention interval) /are ineludec^V Accordingly, a "^tudy incorportiting* 
some of ^|liejke ^^Oriablcs has 4)een designed and is described below, 
/ 



f 



A fuVt 
The re are 
tended thafl. 



p roce 



IT question arises: hov; should retention be as'Sessed? 
ffereRt ways /or measuring retention, and it has been con- 



these different methods may not tap the same underlying 
sse:5 V'^ldam-, , In p-irt i cular , it lias been argued thai re 



call mem6r\ urvl reo'irnition r^nory are not theVsame Ivliatcver their 
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theoretical difference? may or may' not be, they usually lead, to large. dif- 
ferences in retention. Since the prissent study is concerned to establish 

. I - ' ' ' ' 

I a ■ . * 

if possible, some broad generalizations , rather than clarify minute ,de- 
t'ail,- it seers iTOortarit to inclu.le both recognition and recall. ^ 

Recall may be free, or stimulated in some way. Sincef^^ we are in- 
terested i^n the retention of word/stringS, primed recall seeras /o pro- . 

/ • »^ 
vide a ' useful method for assess/urg the streagth of various parts of 

the associative network by priming selected parts of it, and noting | 
which dissociations are evoked. Presumably the evoked terms will be . 
there with the strongest associative bonds to the word used as^ a cue or 
primer. Priming also, provides a point of contact with -recognition tests 
as in both the S has a stimulus event at thi. retention test: and' the re- 
sjv.niso Jepends on what has been coded at acquisition » and what remains \ 
after the retention interval, ' „ , , • 

Evidence has been pijesented which indicates that a difficult \ , 
proMen? in research on sentences arises from the fact that different 
gramatical constructio^ns use different numbers of words, evample, 
the passive construction normally requires two more words than the 
equivalent sentence expressed in an active form. Moreover, the number 
sof worcs i^n a sentence affects the rate of' learning, at least for sen- 
tences of I seven or less words in length (Martin fl Roberts, 1967). Tins 
being the case,, it was first necessary to -determine whether or not the 
number olf Words that a sentence .contains affected learning when the sen- 
tences w4rt of the order of 12 or 13 words in length, A preliminary 
exrcrifnont Iwas carried out to examine the effect of differences in word 

count and fbund no differences uv retention scores for sentences ranging 
from 11 to \4 words in length. ^ 
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Experiment I 

Tliis -was a recognition experiment , In essc^nce it involved pre- 
senting an £ with 68 senterices (including four buffer -and 64 exper- 
irental sentences with two buffers at either end of the iVst) , and 

then giving him a re^o^ition test in which 66 of the acquisition 

IF [! 

sentences (made up of 64 experimental and two bu^rfer sentences) were 

presented, intermixed with 66 nevf sentences. 

Acquisition sentences , .These consisted of 64 sentences made up of 8 

examples each of 8 different kinds of sentence, plus four additional 

sentences to provide bufifer items at the beginning; and efid of th^ 

\ 

list (see Appendix 1), The 8 different sentence types ^comprised lal 1 ^ 
possible combinations of two levels of the following three variables: 

1. Transformational complexity (Tc) , or complexity as indexed by the 
number of transformational operations required in the translating of a 
base phrase-marker into an actual sentence (see pp.30-3L, pp. 37-38 
above}.' The active and the passive, were the two -operations used. It 
ha^ been supposed that the passive transformation requires rather more 
operations than the active (Miller, 1962), and there is some experiment 
tal evidence supporting this supposition (pp, 37-38 above). However, 
although linguists no longer hold to this view, the empirical question 
remains, and it is not yet settled. So in this study passive sentences 
indicated high Tc, and active sentences were regarded as possessing low 

\ 

2, Sentence p^rcdickabi lity (Prd) Predictability may be defined in 
many ways, and some^ of them have already bee\i discussed (see pp. 14-22 
abovej In this experiment prediction was defined in terms of the 
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real-word \ probability of the proposition of a sentence. Either the 
subject anl^ the predicate could provide an unusual combination, or the 
modifiers and jihe terms'they modified. An.exan^^e of the first kind. of 
coraination ' i| i ' - ~ v . 

(9) The ugly boss was grandjy entertained by the poor cleaner 
with'Swis.s liqueur. 



Phrases ^vhich " examplify 



the second kind o£ incongruence are 



'uncouth bishop*, 'rauc&us jury', and' ' cocktail banquet'. 

-None of the sentences were anomalous (Miller § Isard , 1964), in 

that they did not violate any selectional restrictions, that is, there 

were no sentences like: 

. / I 
(10) The bishop seduced the stone t 

or 411) The highway flipped his lid 

In the first case, sedy .ce is marked + * • +.0 and stone is inanimate, 

~'f^, ■ animaLe 

^and in the second case hip,hway is * inanimate , . and his is marked 

+* , Although the sentences were unusual, they were not non- 

animate ^ , . . 

sensical. Their unpredictability lay in the fact that their propo- 
sitions, while possible, we/e certainly most uoicommon. One would 
expect that predictability, so defined, would correlate quite highly 
with cloze or successive guessing scores. 

3. Surface structure complexity or sentence depth (Yd). Yngve numbers 
(see- pp. 25-28 above) were used to index surface complexity, which was 
of two levels, simple (low complexity) and complex (high complexity). 
High Yd or complex sentences had a mean Yngve value of, 1.69 (rangp 
1.62 - 1.82), and low Yd or simple sentences had a mean Yngve value of 
1.40 (ran^/j 1.31 - 1 .50) . 
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None of the sentences shared any commoti content words (nouns, ad- 



jectives', verbs and adverbs). Word firequencV and sentence length waf 
approximately equal across the 8 ^roujps of Slsentences. The actual 



r.eani are shown in labie 6. It can be seen t^Vat the passive sentences, 
on the aver ajge, contain about one word more th^n the active sentences, 
and that the* words comprising the unpredictable sentences are slightly 
14ss common than^he words from the predict^lble\ sentences^. .With regard 
td| letter count, the active, unpredictable and. c^omplex sentences were* 
slightly shorter than the others; mean number of\ letters for all sen-' 



tences- was 62,5, the ^range* being from 52 to 75. ' \ " 
Distrac,tor sentences . The distraetors were ob^ailed by slightly ,ch£tng- 
ing the*^acquisition sentences'.. Egch acquisition sentence gave '|rise- to 
8 distractors, 'In four cases the distractors (or neW sentences) were 
tite 5 aire as the acquisition (or old) §enten£igs, except that eo^^h^er the- 
subj/^ct, 'object, verb or the noun contained in the aaverbia^l phrase ^f 
the sientence was, replaced by^ a -v/ord of -similar meaning, '\h us ensuring 
that no selectional restrictions were .violated on Scc^unt of the sub- 
stituti'on. • I • 

In the remaining^ JFour cases, the^new (dis tractor) Isentences di£- . 
fered from the original in*^hat the word order ^w^as changed. Eiiher the 
adverbrgpl pl\i;ase was shifted to one of three possible nciw pcTSitions. in 
the sentence / or the adverb* as^socia^te|l with the main verB was shifted 
to t?he^ front of the sentence. The adverbial phi:ase shift was denoted 
as adjac-cnt; intermediate, or extreme, depending on the magnitude Of 

* *' ' ' • . 

the ohantTu'. . - - ^ ' 
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TABLE- 6 



^''Yngve Value, Content Hork ' frequency (from the Thorndike-Lorge * 
(1948) word count) , Word count , and Letter cou*ht means for the 
8 ^roup^s of ai:quisi^ion sentences. 



Sentence Tv*De 



Mean Yngve Mean number Mean No . Meart No. "of frequency of 

valtie ^ of words of letters word of remaining' , 

per sentence per sentence~5()/mil lion words (per 

^ 6r greater mi 1 1 i o:\^ 



\ctive Pre 1 1 citable Sirrple 



1. 38 



12.0- 



Active Predictable Cotrplex ^1,69 12.1 

Vctiv*;^ Jrpredic tab '.c binpK* I.SS 12.1 

'\ctivr.* •'-.pre.'., stable Complex, 1.73 11.8 

Passive* >r:-li :tAbI^ Sifiiple • , 1.42 I2/i 

Pa.ssive rr.^di ct ab lo Compi'jx ^ ^,oJ ' 12. y 

Pasfiive Unpredictable Sinrple .1.<>J3 13,5 

Pa i uvf Unnre iictable Corale.x 1,63 13,0 



61.9 



62.0 



62.0 



37.9 



65.9 



61u6 



66, fe 



64,1 



3.0 
3.3 
2,9 

1 

3.0, 

t 

3,6 
5.5 
2.9 
2.5 



18 
16 
14 
19 

r 

l6 
14 
14 
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Experimental design . All the^senten|:es were learned by every subject; 
then one g.roup of 72 subjects was given a recognition test immediately 
after acquisition, while the :;'5C<ind group of 48 subjects, was tested ^ 
after a re4:ention interval of 48 hours, ■ ' .. ' 

The presentation sequence ?tt acquisition began an4 finished .with 
. two buffer seYitences, included t\o reduce any possible jixiirfScy- recency 

X - * ■ ■ ■ ■" ■ ■ ■ ' . ■ 

' &fid effects, A sequence for the l^intejvening 64 sentences was obtained 
by randomly choosing (without replacement) - or)e of .the 8 experimental ^'-^^ 

groups (e,g. passive, predictable ayid sirnple), randomly choosing a 

' ■} ' - ' 

sentence from thi^ group, then repeating 1;he process until every group 

! V ' ' « ' ' ' ■ 

had been selected once. The process was then repeated to select a- 

nother eight sentences^ and so contintietl until all 64 s'entencesrhad 

been chosen. Five such sequences were generated, and an.^qual number • "* 

of Ss were assigned to eacK sequence, j \ ' ' ^ 

For. the recognition test, another sequence of acquisition or old 
senten<:es was g-enerated, following the rules de^scribed in the<previous . »/, 
paragraph. Distractor or new sentences were then randomly inTerieaved 

: I Betwe'en the old senftences with the constraint that no more than three " ^ \ 

\ . 

JJ * ' ■ %" ^ ' - V* 

old or new sentences could appear consecutively. A second constraint ' , 

was that For half the sentence^ the new version appeared first, .^nd 

for the remaining sentences the- new version appeared seconds, A third 

constraint was that at least 35 sentences intervened between the ap^ 

pearances of the new and old verjsions.of a sentence-. - . ^ " 

Although for every old sentence'.:)^ a list there was only one clis- 

tractor, any one of 8 di:;tractorr» minht have been selected, Tot each 

a.'di, f ferent kind of distractor appea'r:ed wi th each group of/'seritences, 



so that, for exaiiple, 'th^ "8 active predictable and simple sentences 
might h^ve as distractors sentences with the verbs changed, while the 
8 passive, xinpredictable and complex sentences might have as their dis- 
tractcrs\:c?atencos with tl-.eir aiiv^^rbial ohrasv^s'* shiftsJ to an inter- , . 
mediate position/. To ensure that each sentence type was paired at / 
least once with edch kind of distractor, both of tlfv^ twp. groups of Ss ' 
were further subdivided into 8 groi^L , giving 9 Ss. per group JFor the 
zero retention interval, and 6 Ss per group for the* 48 hour retention 
interval. This between-subjects ' variable is hereina<fter referred! to 
as Lists . / ' ' ' ; . ' • . 

1. It had originally been intended to cross distractdr type with sen- 
tence type, to yield a repeated measures design with the ^variables Tc, 
Prd, and Yd, and ^stractor type -conpletel^ crossed 'Due to an unde- ^ 
tectod error in the computer program, which • generated the stimuli^ 



• I 



lists, the above design was run fnst.ead. - " 
Apparatus . - ' ' . / ' 

; The experiment wa^ run on the PLATO equipment at. the Uni versify r..:- 

i • ' ■ ■ • ^ . ' 

ot Illinois. Tl^e PLATO system, Cas used in this experiment-) consisted 
C^(ff 20 terminals linked ^ia interface equipment to .a CDC 1604 computer. 
l\\ch terminal h^s its own- typewriter keyset and CRT display (television 



sireen) , The keyseti allows the student to send informatio/i to the com- 
puter, and the televiiUon scree^i .present^ information presVrrbed by the 
cojiiputcr program. The coiiputer -generates visual information on one of 
two w:iys: by selecting previous ly" prepared 35 mmislide^'from. a central 
bank of 1^2. slides or by plottint; dharacters and figures on the S's 
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' I 



1 * 




y of pneXanother . *Air in- 



inldividual el4ctrc»iic blackboard. ^^^Thellt^nagis from the blackboard 'and 
the slide selector are si^^^rimposed orf the television scre.en-^ 

Each terminal is independent of every otf^r terminal, and each may 
be iHidivi dually coatroMed, and" inorlitored by the donpfcJf^r. Thus 20 Ss 
I can be run "simultaneously , but 'Independent; 

' formation ^'tjaat is output to and. input from an £ may be Recorded on mag- 
inetic tape. A more' detailed description of the system may be found in 

• m ■ ' , - : • 

Bitzer, Hicks, Johnson and iyman (1967), and the references q^ited by 

•them. ^ . ^ 

In the present experiment a computer program p.reseAted slides Von- 

• tainiug instructions, preseiaited all the stimuli, and recorded the- 

, Responses v^iich v;ere entered -via the keysets . . 

* ■. ■ '..(»" ^ 

Procedure, The experimental procedure consisted of the following steps :\, 

after, the 3s were seateU at their terminal/s a series 'of instruction 

slides were presanCed (^ee. Appendix ^, slides 1-S) . These infctrmed 

, them that^they were participating in .an experiment; on the retention 

of sentences^ and that th^y were about to write 'down and'^leam a set 



of senten<?.es 



' The were then* presented iwith three practice sente:Tces. They ' 

were given 31 seconds to write dovVn each sent^nc3 on a prepared form | 

' which had been placed next to*, their PLATO keyset L . During this time, a i^i 
• ' ■ * , r ' . ■ ^ \ ^ A ^ ■ 

;.^sl.ide (see, .Appendix 2^, slide ej)^ v^fiich said *'Wijite dom -andl leam'^this 
' sentence, as quickly as pbssibla't was displayed./ Three seconds before 
■ the end of the 'presentation of a sentence, the wo|pds "three s^econds. 
left" appeared' at the bottom of the screen- 
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The rea'sens.for making an £ write out , every sentence were twofold, 

ure that he paid at lfeas1> 'some Qlt- • 



First, and most important ly,, to en? 

tention to every . word In thif sente[Tjce , instead of j;Ust c|j)ncpntratiii,g 

. on maier 'conteht?. word'5.'. Second , t 



using the pattern of words on the 



!*ee^ tlte S from 
:reen ,Ceach sentence hkd t'o be written 



prevent (to spirre degi 



out over 



three rows) to help \im learn. 



Following the practf,ce sentences, 'more Isl'ides wei^e shown (see 
App,endix 2., slides 8-9). ^These checked that! the Ss undeirstoo^^th^ proJ 
cedure^ arid prepared them for the main- accfuiaijt ion list, comprising thej 
64 experimental sentences preceded and tollpwted by two buffer sentences! 
As in the practice' trials each sentence \was shown for 31\seconds, and 
the warning *'three seconds lef|^** was displayed\ ,-^hree seconds before 1 
the end of each presentation. \\ > " ^ 

At the retention test^ (eitHer immediately .^fter or 48 mours^ later) , 
following more instructions '(seel Appei^dix '2 , sli\des 10-16) , Ithe Ss were 
presented with ''a list tjf 4 practice ^seVitences cortij^O'sed of tw^ of the 
^practice s^ntencfes leariued at acquisition and two new (distrafctor) sen- 



o^on ; 



tences. Each sentence was shown fjor lli seconds, and for eachllsentence 



the Ss had to indicate (1) whether or ndt the sentence was ald\\ or new^ 
and (2) tiow confident they were' that the iV judgment was 'correct. 

The first judgment was made by pre.ssing one of two keys (corres- 
ponding- in position to '¥ arid U on a normal typewriter) coije^red by key- 
caps with the lejends "old'^ and r"new^' respectively 
judgment ^j/as made be pressing ore. of 'six keys (coril 
' to 2,3,4, and 6, 'on a normal t|>T3e writer) numbered 



on them. The second 
esponding in position 
one to six, 



Duri^ng this titne a backgroubd instruction sliciEi 



8.4 



(Appendix 2 , si ide 



17) was shown on the screen. UTien key ''old'' 
word OLD or NEW appeared on the screen, immediately below the test sen- 



or '*new*^ was pressed, the 



tence. When either of keys 1 2,3\4,5, or 6. was pres&ed^ the string XXX 



wai wr,^itTen over the tippropriace aurb^r .on blide 17. The process- xs 
ilTustrated in Figure - 14, ' i? " ■ • 

As at acquisition, three seconds before eache trial ended ^ the warn- 
ing *'three seconds left'' was projected at the bottom'of the screen. 

Following the practice sentences, it \yas as1:ertained that the Ss 
had understood the procedure. Then the recognition rest proper began^ 
during which 132 sentences were presented, 66 old .sentences and 66 Sis-- 
tractors, intermixed as described above in rhe section on experimental • 
desig^. Onei further constraint was that the" four buffers were presented 

'firsc^ and then the 128 e'xperimental sentences , 'The reason for this was 

' \, * 
to avoid, any perturbation 'd^^r'^to initial, warm up .effects , aild get the 

- ''',«. . . 

Ss started on the rest rjon, ..^ . ^ ' 

Results- ^ . • 

The Ss judged each sentence to be eii^er "old" or "new", aad then 
expressed t|je degree of confidence* that -they had xn the correctness of - 
^ their .judgment .by 'giving a r^ing on a six poirjir ^caler^ If it is^ the 
case that Ss are capable of assessing the accuracy of their responses,. « 
thetjy utiT4:^iTlg their ! con fxdence ' j udgment's 'shoulH provide .mo re sensi- 
tive measure Gi?| the st^rengtli of the ,me|nofy trace than .is possible with- ^ 

only bmar) (olfl/new);' responses . For ^x'ampS;^^ a correct judgmeift 'about 

' i ■ " , ' 

which the S is "highly confident would .indicate ,a- very wel 1, rem^jnbered 

Item, but , ar> -incorrect judgment aWout which the S_-is highly ^confident 

l^^ . ^ * ■ * . . ^ . 

would s,hoJ| that! ^the item has been^ho roughly forgott'en. 



Indicate whether this sentence is 
'»old*' or "new" by pressing key '*old" 
or key *'new,"' 

THE m'KATIVE JANITOR 

ACCIDENTALLY SHOOK HIS MOP INTO 

THE PROFESSORS FACE * • 



OLD 



Indicate how confident you are that 
your response is- correct by pres3ing 
one of .the. keyS ? 

. 1 2 '3 4 

(completely (moderate- (not (no idea) 

'certain) ly certain) very 

certain) u 



Thi;§ figure ^shows the TV -screen a^ it might appear 
TO an S after he had judged the sentence to be old, 
and judged himself to be moderately certain that his 
first judgment was correct. 



Apart frora persuas^i. ve independent evidence that Ss are_ able to, 
evaluate'the correctness of, theit^fesponses .with considerable accuracy 
(Adams, 1967, Wearing ( ilnpubli shed) ) the results the, present- ex- .. 
periment also suggest that confidence judgments are related to the «, 
Strength of the memory trace For old (previously learned) sentences, 
it might be expected that correct; judgments would be made more confi- 
dently than incorrect ones, since ^^he trace q£ aay old sentence .would - 
still possess at least s0me strength, which would mean that an S_ could 
not be confident that he had not seen the sentance before. Whereas he 
. could be confident that he had In ^pJ^ the mean confidence rating ' , 
for correct old sentences was 4.74, iwhereas for incorrect old sentences, 
""it was 4- 02, The difference is highU- significant. 

In the case of new sentences, an\s comparps the input (a new sen- 
-?nc^l agamsr 'similar [the corjrespont^.ing old sentence) but slightly 
di'-'fer eat zrB.ce> . The s li ^ht mismatcH could be due to either the test 
sentence being actually new. or to an improperly lemembered old sen- • 



tcnce. In neither case, however co'ul(| a match^'occur It foll:.^vs that 
the discrepancy m the amount of coincidence for correct jand incorrect 
responses should, be rather less for 

-rect new sentences the mem 'Confidence ratitig was 4o62,. 

rect new sent;4^nce5 the" mean latmg.was 4.43. . The difference is 

* ■ 

signi ficant 

• Response Tat\ency ma> .ll^^o be reaarded as an index of trace strength 

■ ♦ - 

(Adams 1067)\ and if confldehce estiTcates are also a valid estimate of 

a - , 

* 'V 

trace stienath", th^en they shouiU^e closelv related to /esponse^ latencies 
In this Cdbc the latency rfeasure, in question -is the tine delay between 



new sentences'/ In 'i^act , for cor- v 



and for 



incor- 
lighly . 



the appearance of a sentence on the screen, and the pressing of the 
»»old" or "new" key« In Tabl e 7, the mean latencies tor each level of 
confidence are shown - Clearly correct responses have faster latencies; 
and the degree of. confidence is. very closely related to response latency 

For these reasons it seemed that S s confidence judgments did re- 
flect the strength of the memory trace and so old/new responses and 
confidence j udgments' were combined as' shovsn m Tab le ^^S . 

In c^der to have an approximately eqtfal number of cases in ee.ch 
category, categories 2 and 3, and 4 and 5 and 6 were collapsed as 
shown m Table 8. . Each S was then assigned a score for each response, 
ranging from 1 tb 6 (see Tablje 8} depending on both his old/new re • 
sponse and his confidence estimate. In effect, the binary response 
vvds further differentiated in order to provide a more sen:>itive 
measure of the strength of the memory trace 

One problem with experiments of this kind {s that of response 
t>ias, that is di f ferences .in 'the tendencies of individuais'.to re., 
spond eitht.1* "o Id" or ''ney^ One S, for exaiiiple may be \viilin. to 
regard any sentence as old unless he is absolutely suie that he did 
not see the 'sentence before Anoth^-r S ma/ adopt the reverse position.^ 
Hpwever, it jis possible to control for the idiosyncratic bia^ by the 
use ot a reo'eated meastties design\which ensures that any particular 
S 5 bids is distributed evenly across all levels of the withm-sub- 
jects variables. In the preseni: experiment, response bias was con- 
trolled in this fashion ^ ^ 

The score de!f,crihed in T^ble 3 were analy z.ed Vith- a series of 
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TABLE ■'i 



La-zenc^c: foi the six dirfexenc levels ot leiponse confidence 



Confidence Icve! 



20% ■ 40^ 



60% 



80? 



i00% 



Latencv 



6.84 6.59 6 .61 6 '34 5.98 5,34 
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TABLE S 

Distributions of Confidence estimates and the weights 
assigned to confidence estimates for subsequent analyses, 



Response 

Confi den'ce 

Category 

Assigned 
we j.,ghts 

frequency 



High 



1 

1771 



2 + 3 
2 

2600 



Inco rrect 
Low 

4r5+6 



Correct 



1S06 



Low 

4 

n42 



2*3 



High 
1 



3967 



3474. ■» 
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analyses of variance. First the responses to tfie 64 old sentences 
ivere analvied. then the responses to the new sentences, and finally, 
analyses were run to determine whether or not'tTie nature of the dis- 
tractor had any effects on either the recognition of an old sentence 
or. the detection of a new sentence. ' ^ 

Tl^j fxrbt -inalv'sir, of 'variance was'carried out on 'the responses 

i 

to the oid sentences/ The completely crossed design h-ad two between - 
sub-ject factors retention interval (RI) and Liats Csee p 62^ for 
.description), and four withm -subject 'factors', transformational com-v 
plexity. CTc) . -Predictability '(Prd) , Yngve depth (Xd) and replications ' 
frep) -The transformed score described in Table 8 provitled the.de- 
nerulent variable. The summary table is shown in Table 9. , 

•Of the main effects Ri /was highly significant (p -.001), as were 
^rJ>. Ip and Yd Cp ■ OlJ. >'sither Tc;^ lists, nor Rep was signif- 

i/V.: ir.-. not 5\ gn; n .ance of Li^ts indicates that the recognition o'f 
jn oid sentence was independent of the kind of distractoi with which it 
~ -..-as pairedT, that is" • sentence type did not interact with distrc tor type 
!h5 nbn si gni fireman ce of Rep indicates that there were no overall effects 
.-d',,e'tq iist position, it made no difference whether a particular sen- 
!:Vnc,(j-"tv'- j" "was- in .,the f i rst . middle , or end position. Interactions 

a ' .... 

v^th" Rep were h.ghly iutmificant m two ca-ses^ In-the case of Rep x 
"prd^-(n «\'O01) the interaction 'was due to the fact that the difference' 
• '.Uetx-en predictable and unpredictable sentences in the same list posi- 
tion were -di ftcrent acio^^ list pohirions. That is, the.di f Fe-rence m 

/ aw 

/c.Mc > *hctu.; n tho tir.^t predictable and the fxr.Vt unpiodietable sen 
tcnJe Vas'uar t*>c ^.nr.'; "a-, 'h'^^ di t h?rence .betwt-en the thi-^d predictable' 
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^ . ^ TABLE 9 

Analysis of variance Summary Table^ for old sentences. 



Sour a? 

' RI ' 
Lists 
RIxLis,ts 

TiZ 

RIxTc 
Lis tsXTc 
RI xLis ts xTc 

Prd ^ 
RlxPrd 

ListsxPrd 

Rf xListsxPrd 

Yd 

P I xYd 

RIxlistiixYJ 
'S^SxVd 

Rep 
. Rl xRep 

Listr,xRep 
' Rl xLi stsxRop 

SsxRep 

TcxPrd 

RIxTcxPrd 

List*;xToxPrd 

UlxUisr ' <TjxPrd 

S;i xTcxPrd 



' 1 



10 



10 



'10 



10 



49 
49 

728 

il- 
1 

, 7 
7 

104 



S ur>s &f 
Squares 

,149.99 
114.02 
63.70 
1202.72 
1.18 
.12 
51.35 
19.39 
545. S2 
41.86 
; . 32 
11^.45 
/.99 
295 .74 
18.90 
6.40 
, 23.02 
8.02 
■ 274.14 
37.11 
40.08 
144.24 
104.45 
2002.42 
13.75 
16.24 
. 19.39 
25.46 
236.81 



Mean 



Ratio 
12.07 

rrsi 

;7S 

.36' 

.m 

2.22 
.8,4 

14.72 

ai 

.83 
.10> 

2.43 
1.25 . 
.43 

1.95 
2.08 ^ 
1.07 
.77 

6.04 
7.13 
1.23 
1.60 



Significance' 
Level 



.001 
n.s . * ; 
n.s . 

n.s.^ 

71.5. 

.Q5 * 
n.s , 

.0005 

n.s. 

n.s. 

a.s . 

.01 
n.s". 
n.s. 
n.s . 

n . Si . 
.05 
n.s. 
n.s. 

.025 
.01 
n.s . 
n.s . 



. Source " , 

TcxYd 'j 
RIxTcicY* ' ' • 
Lis ts.xTc-xVd 

q 

RIxListsxTcxYd 

i cx: ep ^ ' " . > . . 
RfxfcxRep ^ " 
ListSxTcxRep 
PI xLis tsxTcxRcp 

xrcxT.^p 
PrdxVd : \ • 
RIxPrdxYi 

P.Ixf.istsxPrdxVd 
'>.y.?rdxY^' 

'I ' 's xPr !> • 

?{\{ isi:.;>i\:x?r'-!xva 
i^^r^.^rcx^VrJxYJ 
It vrVdx7 . 

lar. t.. xTc.<:'r^:y 'ep 

S " <l Kt^-; •■ . ., T'ix*^ ,»n 

>^dx'^w»p , 



1 

7 
7 

104 
7 
7 
49 
49 
728 
1 

. 1 

7 
7 

104 
7 

I 
1 



101 
7 
7 
40 

7 



TABLE 9 


continued 








* 1 ■ 

Suns -ot" " 
Sjudres 


Mean 
Squares 


F 

Ratio 


' Significgjice 
Level 


.20 


. . 20 




.07 


n.s. 


' .81 


' • .81 




.28 


n.s. 


14.46 


2.07 




7*5 
. i i. 


/ • 

4"^ ' r>i. s . 


10. or) 


1 . 44 






<1 . S 1" 


207.82 


2.86 








• 2U.O0 


2.91, 


i 


. <25,*'^ 


ih.s. 


vlO.34 


'1.48 ' * 




* 

.6;) 


n.s. 


161.50 


3.i0 


1 
I 


AC\ 
. 4U 


n.s. f 


109/65 


2.24 


• 


nc 


n.s . 


1719.40 
1, 


2^36 






• 


7.S2 
17.07 Q 


2.52 
; . , 17.07 


X 

-7 

/ 


. Ub 
. X 5 


n.s . 

.01 


22.95 


3.28 


1 

X 


« J / 


n.s. • 


2r.9S 


• 5. t4 


i 




n,s . 


248.96 


2.39 








. ST..4S- - 


12.35 


c 




.ooai 


^3.00 • ' 


3.29 


1 


1 n 


n.^ 


15i),30 


3,07 


X 




n.s . 


4?' 1 . 26 


3.29 <^ 


1 


• 9 


n.s . 


lr5S3.9:. 


2.3? 






• 


^.IS 


r.is 




.41 


n.s. .. 




6.45 


2 


.26 


n.^s . 




3.45 


1 


.21 


• ' n.s. 


ir>.i7 


2.17 




.76 


n.s. 


206.19 


2. 85 1 








2«.iO 


4.07 


1 


.73 


n.s . 


3f>.2n 


5.17 . 


2 


.20 


.05 


159.49 


5.25 


1 


.39 


n.s . 




1.93 




.82 


n.s. 


1710. 


2.33 









11. 6J 

1 si 



1 . 35 
i.67, 



1.37. 
.72 



n . s . 0 
n.s . 



TABLE 9 continued 



Source 

RI xli '"'■s xYdxKep 

Tc x'l i v;?ep 
RIxrcxVdxR.'p 
Li St ^> t :xVd.<!7ep 
H I .< t ; i t i X T c xY ^1 x" 3n 
• ; cxY Jx^ep 

Rrx;^rdxYdx^ep 

* i. , " ' ;* T^.i \i J <''^?*: 

R: i t .v\''rvi>. . 'a rep 

ro>! r' V1t:.?p 
> : xT^- xV ,^p-dx'^;^ 
Li,;ts>"wXPrd/VdxHcp 
PI xLi 5r ^ xTcx/rdxYdxRep 
SsxTc xPrdxYd-N'^'-n * 



O.F. 

49 
728 
7 
7 

49 
72^ 
7^ 
7 

IJ 
7 "* S 

7 

49 

7:^ 



SUTS o f 



c 



uares 



Mean 
Squjr(5s 

5.24 
2.55 
8.65 

1,10 ■ 

5,69 
.95 
2.22 
5.96 
1.97 
2.68 
1.68 
2:. 52 
4.6vS 

3. jV 
2,30 
2.25 



F 

Ratio 
U59 

3.90 
.50 

1.66 
.43 

K71 
.85 

1.16 
.75 

2.10 
. 56 
1.73 
1 .05 



Significance 
Level 



n.s. 

.0005 
n.s . 
n.s . 
^ n.Sf 

n.s . 
n.s* 
n.i; . 

n . 5 r 

.05 
rt.5. 
n.s. 
n.s. 



•iind unpredictable sentences.. Of course, the order of the sentences^ 
uas quite *5irt^.itrarv , so no importance should be attached to the inter- 
action. The same reasoning .accounts for the Tc'x.Ycji x Rep interaction, 
wK.ich was also highly significant (p< ,0005). ^ 

The means, o/ the main effects of the vari^ous factors -are shown 
in Table 10 , and the ineans for the significant interactions only are 
shown in Tables- 11a, Lib, and 11c , 

Ther^ wa^^'a significant declinjs m performance -over the^ 48 hour 
retentipn period (p < .001)^ -unpredictable sentences were recognized^ 
better^than predictable ones '(p ^^'.OOOS), and simply sentence^ (low. Yd) 
were detected more accurately than complex (higPi Yd), ones Cp S-01)n The 
actual ir.agiaitude of'these diifferences was' verj' smal 1 # Jhe p'ercentage - , 
of resDDnses, corre'ct for^ Qach level of the main effects iB shown* m .* 

Table 12 . ' / - ^ ' • 

^ , \. ' - ' • , ' ^ ' ^ . • ' .--J- • . / ' 

Bf^dictab]?! ity and triins formational' cpmplexity ^ntelracted' in t'Tiat 

S , • ^ . \ * ■ " 

active nredictabl^ sentences were not recognized as well. as passive 

' -■ ' . ^ ^ -.' ■ ■' 

predictable sentences , ' however , 'the relatiofiship was ^reversed toi 

lanpredictab.le sentences. iTwo significant iivteractions occurred only 

m thev48 hour retention ^foap , one hetweeh T-c and. Prd (p <.01), and 

the' other b"etwc3en Yd- and ^Pfd- -(p Ol) . ' / \ ' : 

The second analysis of ' variance was carried o*ut on the rospQnsos ^ 
^ • • i * 

to the new sentencesvX^The'^ de/?i pji was' the* 'Same as jfor the firsi: 
analysTs , -and the sununary table i*s^shown in Tabfe 13 below. Of the 
*'main effects, RI was highly s i >Jini ficant (p y- 005), as was Rep (pi .0001) 
l.i.;t«; was iii ^nrf icant to a lesi^or denree Ip .023) Non? uf the other 
r;ain eff^^jt.j. 'Ic. Prd, and Yd. ittriin^l*;! siKHiFicancc 
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TABLE 10 



Means for the experimental main' effects, in experiment II 
(old sentences) . ^ . • ' 



Variable 



Retention interval 




Means 



/. 



/■ 4.28 
4.00 



Significan(|^ of 
difference . 



.001 



Trans formational 
Cor^lexitx 



Predictabi ILti- 



Active 
. Passive 

Predictable 
Unpredictable 



4. 16 
4.18 



4.10 
4.24 



n,s* 



.OD05 



Yngye depth 



Sitiiple 
Complex 



4.22 
4,. 12 



.01 . 



Ru'plications : 



4 
5 



4.18 
4.21 ■ 
4.14 
4.35 
4.11 
4.17 
4.10 
■4.12 



n.s. 



■96 
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Active : 
Passive: 



TABLE 11 



Means for significant- interaction effects among the 
experimental variables in experiment II (old sentences) . 



Predictable 
4.15 



(a) 

Un predictable 

' 4; 27 
4.21 ' • 



Significance 



.025 



Active : 
Passive: 



(b) 



0 hr retention interval 



Prd . 
4.20 
4.23 



Unprd 
■. 4. 34 
4.36 



48 hr retention interval 



Prd 

3.81 

4.02 



Unprd 
4.17 , 
3.98 



Signifi- 
cance 

• .01 



Simple : 
Complex: 



(c) 

0 hr retention interval 
«• ■ ' * . 

Prdo • Unprd 

4.22 4 . 40 

4„21 4.31 



48 hr retention interval 



Prd 

4.08 
3.76 



Unprd 

4.09 
4.07 



Signifi- 
cance 

.01 
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- TABKH 12 



Percentage of responses correct for the|main'''expeiimentai 
effects for old sentences. ^ 



0 hour retention 



48 hour rei^ention : 



Active 
Pas^ivjG 



Predictable 
Unpredictable 

Simple ,> 
Complex 



(]rand Mean 




■ f*:f. . ■ 



92 



TAIilE 13 



Source| 



Analysis of variance Summary Table for new sentences 
■ D.P^y '^g^'^^' Sums of Mean 



Siigniflcance ; 
Level", 




ERIC 



93 



f ■ 

• ScnvcQ 




b.p; 


•Suns of 




'I 


Significance 






Squr'.res 


Squafes 


Ratio 


Level . 


. ; RIxlListsxTcxYcl 


7 . 


44 .Vj,,, 


6.37 


2.65 


n.s. 


- 1 TcyRcp 




104 A 

, A. 


249.50' 


2.40 

. -4,37 


' . fl.66 ' 


1*' v' 
n.s* , , ^ 


r—J^ KlXTcxRep ' \ 
<^ - ^ 




7 , 




,32 • 


■ .i2:",.> • 


. . . n.s.. 








^ , IT"* 






) RIxListsxTc:<Rep 




162 •V9 


5,33' 


. 1.26 




• 7'. £3xTcxRep 






IQIQ i7 


^ 2.64 






.1 PrdxYd ' 




1 . 


14A^ 


.I4v61_ 


. • 5.00 A 


^05 ' ' . 

/ ♦ A. 


P.IxrrdxYd 




1 


2.09^ 


^ — ' 'fvOD 


^.71, \ 


( 1^«P« 


. Lii5t5Xp\dxYd ' 


/ 


917 n?t 

^ 1 / • uo. 


31.01 


' 10.6?^^ 


OwwOOOl 

v» 




ixYd 


7 > 




7 "^d 


.-,2.51 


U.S. \ 

\ 






104 


303,78 


2.92 


•* 








7 


22.99 


> 3,28 


> 1.25 . 


n.s. 






7 


19. 81 


2. S3 


' 1.08 


n.s. • 






49 * 


157.^^7 


'j_^__2i81 


1.07 . 


. n.s. 

■ < 










2.30" 


^ ^ " ^ .88-- 


n.s.- 






■ 72S w 


1910.78 


2.62 










.1 


5,63 


, 3.63 


r.58 


n.s . 




-« 




3/J4 


3.94 


1.71 


n.s. 




Jxk: 




154,76 


19.25 


.0001 




'rrJxYd 


/ 


1 3 , 4 5 


.1.25 


.83 


n.s. 






1 Oil 


230.4i 


2.30 










7 


35, 29 


4.76 


1.88 


n.s. 




1 


7 


17,01 


2.4.'5 


.96 


n,s. 




d-;Pep 


49 


277* 18 


5,66 


2.24 


.0001 


^;'-xf/ist.*^Uox^rdx:i«?p 


49 


153.95 


2.73 


1.08 

1 ' 


a.s. 


S^x!.ibt;xTc 


xPrd jcP.ep 


728 . 


16 40,71 


2,53 






• Ydj%.<cp 






I?7,54 


3 22 


3.28 


.005 


, ' . r : \Y'ix:^-r 




7 


Til, 21 




li93 


n.s* 


^L.: tsxYdv-t 






1?2,^73 


3,12 


U2S 


n.s« 




.:-P..p 






3.50 


1,40 










lG21,i^3 


*2,50 




* 



I-/ 



■J 



noo 



t 



94- 



•I ' 



Source 





D.F. 


Sum of 


^^^^ 


F 


Si^ificanco 




Squares 


Squares 


Ratio 


Level 


« 

7 * 


49,61 


7.09 


2.74 


.01 :. 


7 


17.87 


2.55 


.99 


n.s. 


49 


276.48 


5.61 • ^ 


2.18 


.0001 


49 


167.55 


3.42 


1.32 

•* 


n.s. 


7:s 


1^85-72 


2.59 ' 
. 3.84 






7 


, 26.91 


' 1.52 


n.s. 


7 
40 


27, ^-^S^ 
242.60 


. 3.92 
.■ 4.D5 


/1. 56 
1.96 


n.s. 
.0005 






2,0'4 ' 


.SI 


n.s.- 




l-'3r^..!*2 


r 2.52 








. 32.23 


1 4.61 ' 


'. l.."3 


n.s. 




8.35 


1,22 


.46 . 


n.s. 


40 


259.27 


4.88 


1.83 


.0005 


41) 


113,23 


2.41 


.90 


n.s. 


7:8 


1941.91 


2.61 


* 
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i. 
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■■ - ■. * 

, ....... \, •• , • - •.. ' 

V ' Several interactions involving Lists were highly significant. In/ 

■ ^ * ^ f 

general^, such interactions indicate that distractor type interacted 

with seivtence type, in other words , whether or not a new sentence was 

'f " • 

detecfted" jointly depended both pn the kind of sentence that is was, 
and the dis'tractor; fojr?n in which it vvas expressed, llie means for the 
main 'ef-Pects o-f^ the various varinlUes :^.re shown - Tnhl ^ 14. and th:? 
means for the significant interaction are shown in Tables 15a^, 15b, 15c ~ 
and 15d > . " . 

' As with the old sentences, detection of new. sentences becomes 
jless accurate over the '48 hour retention interval. However, sentence 

^ ' ■ ■ • i ' i ■ ' 

type has he effect on dctectahility . From Tables 14 and ISd ^ it can be 

, * *. ^' . . • 

seen that the detection of new s;entenccs improves throughout the course 

* - " ' *" ■ • - » 

of tne Ust, For«the immediate retention groups., the iniprovernent starts. 



1 1 



straight away, and for the 48 hour. retention wroups'it begins about half- 
way ''through che list ^ No such effect occux'red v/ith* the o*ld sen'tenccs. 
'"Predictability interacted strongly with retention interval, and 
' I / weakiy with Yngve tlepth, but Yn^ve depth did interact quite strongly 

/ - with trans f^mational complexity. Unpredictable sentences t;ere dif- 

I , ■ : r v.. - .. . ■ < 

\ ficult to detect both after 48 hours, and when they were complex (high^ 

I ' .Yd). Active-complox and Passive- simple sentences wei^e detected mora/ 

easily than either Active-sinple or Passive compli;X sentences, and this 
resi^lt parallel^^ one obtained by >iartin fi Roberts ^ Collins (1968). 

^ n\e absolute differences "were very small," the percentage o^f re- 
sponses correct for $ach level of*the main effect is shown in Tab 1<? 1 6^r 

In order tp/ look direccly ac .the effects of distractor type on 
recognition, t;wa more analyses were carried out. First the effect of 
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TABLE 14 



% - 



Weans for the .experimental main effe;^s)i%- 
• ■ experiment IX (nevi sentenqes) . ■ ..." 

variable Levels Means '^'^ ^igni fierce of 

- — ^ — • .... — ^ - ' v-rT-r="f -'^;;ga.ffegenc,e 



Retention interval. 



3.72 



,005 



48 



3.45 



Trans f ormat^pnal . Acti ve 
•complexity • Passive 



3.42 
3.48 



1:-. 



Pre'dictability 



Predictable 3,59.. 
Unpredi^tab 1 e 3.64 



Yngve depth 



Replications. 



Sfmple 
CoTtiplex 

1 

•2 

^3 ■ ■ 
4 
5 

6 , 

7 

8 



•3-60. 
■ 5,63 

3,65 
3.4> 
3.40 

3 SO ' 

1 74 
3.73 
3 88 



1 '• 



oom 
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\ 



1 h 



i 



" TABLE IB 



M^ins • -for the fic:Qjilfe- interaction effects 
t- ' amongo the ^igperimental [variables in experiipsnt 
: Il . tCnew senten&^s) . - ' ' " ' 
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. (a) 



r -., » 



Predictable. ' ' 



' Unpredictable Significance 



5*40 



0 hr retention - • » 3.65 



Conr5lex 



Siniple 
CoiTiplex 




(d) 



Replications 
i ' ' 2 3 



4 . 

yp.>jfe X^^^^ ; 3. S3 3.56 3.70 

46 hr rlStention 3.'24 3„23 3.15 3o20 



Significance 



.01 



Significance 
.05„ • 



Significance 



5 i 1 i 
3,64> 3.74 3»S1 3.88 
3„63 5o?4 3.63 3.78 



.0005 



-ERIC 
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TABLE 



ii 



* Percentage of responses correct for the main- experimental 



effects for new sentences. \ 

. ■ ■ . . . :■ 



Q hour retention 48 hour retencion 



Active 54.4 48.7 
Pas s i v e ' ~ V , 5XM^ 



Predictable^^' 53,6 51.2 

Unpredictable ' 56.9 ' . ' 47.9 

Sinrple . ^ ' 54.2 . / 49.6 

Complex - ■ 56.2 , ' 49.5 



, Grand Mean , 35.2 49.5 

* 




distractor type on the Metectability of old sentences with which the 

particular. kinds of distractors were associated was examined, and then 

* ■ * . 

the detectability of the distractors (or new sentences) themselves, as 
a function of which of the 8 kinds oi^, distractdis they repres exited, ' was 
investigated. In the analyses of variance, the design was the same as. 
for the previous analyses, except that three within subject" factors ^^ Tc, 
Prd and Yd were replaced by Distractor type (Dis) • ^br the/ first .anatr 
ysis, that of old sentences / each sentence is categorized according to 
the distractor type of its corresponding new sentence. For the second % 
analysis; that of new sentences, each sentence :is categorized, according * 

to the- type of distractor that it actually was. t 

■ ' " ^'-v- I ' ^ - 

The analysis of variance summary table for the dl^ sentences is 

. ■ ■ ^ - • ." « * 

not shown. The main effect that is of interest, distractor type^ is 

not significant. Apparently^ the type of distractor as^sociated withVaft 

old sentence made little difference to whether or not^it' would be cor-,,.,:v 

* ■ ' ■ i ' 

■»■'•*' .,T ' '■ • •• ■> 

• -,• 

fectly recognized. 

Of rather more consequence are the results for the new sent^ces, , 

the distractors themselves. The. analysis of variance summary table' is 

shown in Table 17 / Many of the source lines are the same as in Table 13 ^ 

The new mam effect, distractor type is^ highly significant '(p <: 0001). 

« . * » . ■* 

Rop IS signifcant (p <,0001)^ and there are several .signxficarjt inter-. 

actions. The means for the main effects, and intersections -arc shown 

in T^able 18a and b ^ as well as Figure 15 , .There is a significant l5is : 

X Rep interaction which indicates that sentence type and distractor 

type interacted together The interaction between 4i^t5 afi4 Distractors 

106 . . 



TABLE 17 



Analysis, of priance Summar/ table 
tractor types in new sentences. ^ 



S©W€e- 



bists^ 
RtxLists 

Dis 

. V ep . 
-:ts'^ Rep «V 
pixListsxReil 

!U:^i}ii>xR6p 
LijtsxDisxI^ep 
pjxListsx^isxl^ep 
SsyJDisxRop , 



• 7 

; ' 7 

164 

7 , 

" ' ^y - 

40 

■^ 49 
728 
7 
7 
^i) 
' \ 40 
723 
49 

\ 343 
- \343 



Sums of 



Squares 

.156,S0 
297,81 
73,29 
1605,56 
^ 300.08 
90.62 - 

s'ssai 

205.31 ' 
»2054,47 
179,33 
'98,49 
178.03 
164,09 

" . 2582,01 
239,^63* 

. r 111,54 
1551,74 
982,25 

" 13157.18 




136.50 
4^r54 

ia,.47 

15.44 
42,87 
12,95^ 
ljl.39 

' ' 4.19 
.2,82- 

I 2S,G2 
l4:07 
. 3.63 

■ 3.37 
3.55 
4. 80 

2,aa 

4,52 
2,86 
.2-53 



r 



3.83 
2.76 • . 
. .68 

15,19 
'4-S9 *\ 

4.04 • 

,. • ■ 
7^22- 
3,97 
Vl*62 

1,89 

.88 " 
1,75 



,005 >, ^ v^, 

.pis \ 

,ddai 
.obt)? ' , - 

..025 . :, i 



.0001 
n*s- 
n.s. . 
n,s 

,0005 
n.s, \ 
,0001 . 
n.s. - 



I 
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TABLE 18 



Main' interact:ion e£fect?/for distractor type ' 



(a) ^ ..fir ^ 

^ Distractor typQ * 

• • ./ • . ■ • ■• ■ ,, 

Word chanle; ~^ Position _shit^ bxpiificancu 



V Si^iictt Verb ' object AdyT Phrase ' Adjacent Intermediate Extrenie Agjferb . 

3.27 3.82 3.&1 . 5.54 - 3.57 3.98 3.61 - .0001 



3.61 



ft 




(!>) • 



6 



l)i<t ractor type/ 



•Word Chan. Position shift Significance. 



;^ir xetonthm 3.58 



3,87 .0001 



ICS ^ 



Lie 



indicates the same phenomenon. > . . ^ .■ .... 

■ ' . , ' ' ^ ■ • ♦ . * ■. . ■ . . 

Overalii^ the significant effect (5f distractor type xs due to thev 

poor detecl:ability of changes in the verb, arid the high detectability 

■ • ■ ' ' ' ' ' ■ ' i ' ■■ ■ . ■ ' ' • 

of changes in thd object and in extreme shift^ in the position of th^ 

•■ / ■ " ■ . *' ■ ■ ■ \ ■ ' '* ■■ 

adverbial -phrase o However^ there is a strong, interaction vvith- reten- 

-t-iG^nr-interva-L^ X£t&a^-4.&--haux^there 'is> little decJLme^'xn the detecta- 



bility of distractors with word change / but 'a considerable and signif- 
leant decline in the detectability o£ v^otd and phrase position changes 
.(p.'<.0001) - ^ V . ^ . ^ ' 

The significant variation due to replications suggest^ th^t con-^ 
trary to the ca,se of old sentences^ the detectability of new sentences 

improved throughout the list. However, thi^'^phenomendn was npt eoir^ 

■ ,■ ■ ■ 

• . . . ■ , ■ . * * f ■ 

sistent for all dis|ract6rs. ' Agaii^ the interaction is probably due . 

to uriicfue joint effects of sentence and .d^s tractor types ^ 

. ■ ■ '. . - * ' ■ ' .f * ) • ■ _ , 

In Table 19 ; the^ means for the Distractor type ,x Lists, inter 

actions are shown./ In addition-, the sentence' type ■ is also indicated, 

An exaMrtation of this table fails to yield any systematic, relation-- 

ship; certainly no strong relationship between particular sentence / 

tyep and distractor type combinations ^.ppear* V ■ \ ^ 

- . ... ; _ ; f ■ ... • . • ■ ■ 

Experiment II . ! * 

In this experiment cues werp used to prime recall. * It was sim-^ 
ilar to the second experiment in that the Ss were presented with 68 
sentertces including 4 buffer sentences during acquisition, but for the 
.retention test the Ss i/ere given cues, or primers, and asked to recaii 



.■\- 
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i 



1 ' 



.\ Means for the interactioTt .of distractor types with ;^ 
^ Liits in new sentence*'. (Sentence type is^^lso shown)>.' 



D;3trai:tor type 



Lists 



-V n . P 



1*' . - . . 



.5. OS 5.77 
3.49 ■ 2.98 
5. IS ; ^^3. SI 
5.60 



3.77 ' ^ 4.36 
3.11 3.39 



31 29* 



4.17. 
3,23 
. 3.64. 
3.75 



4.05 
3. '77' 
4.32 



4,09 
3.50 

M'.5l.. .. . 
3.98 : *5,9S 



3.95 

) 

5,96 



-4a: 



Row means 



3735 3.15 — 3;45-. 3.62 



5.14 
5.38 
3.08 



3.00- 
3'. 10 

3V3I 



4.23 ' ^ '2.92 
5.30 -3.57 



3.85 -4,2r 
3.5tS 3.5S« 



'4 



3.28 3.27 
4.17 . « 5.82 
3,50 

3.04' •, 3.54 
. 3. ^4" 3.5i7^ 



3.35 4.25 



5>f8;. 



3.56 3.61 



^ 1 



,5 - active,. 



K-av tc j>^nr^al^ce t\'p& : ^ 

i = "net ivev' ■■ predictable , sifuple 

predit:t:aMey ■ comp4eX 

iinpre'di.ctable , siinple 

4 = acr.i ve , impredictab le , conij^lex , 

^ 5 - pissive, ^)redactsble, simple 

V, :i - .SlU,viv. pr.O'.:ic!:a%lCj compile:J 

. ; :s t>i<->;ve, , Uhj^redi ctiiblo, . connlex' 

■ \ -'pdssivi, onpr^dictHMo, siniple 



ERIC 



ift^. reniaindex of ths sentences- v ^ ' ! j . ' ^ . \ 

■ AcquteiH^^on sentences , These' were ..exact;;/ the same as the .acquisition . 
senfencQS : used in experiment i. i " ' ^ - . . 

Priming cues . There were four" possibTe primers for each sentence; either 

the logical .subject (pliis adjective) , verb (plus adverb) . logical oBject 

■ ' ■ . ' • .-^ ..* * ■ ' ■ \ . • * . ^, - ■ '• 

'(plus adjective) or.the'noun (plus adjective) ^rom the adverbial -phrase. . 

• ■ ' • - ■ ' 

Experimenta-l design . All the .sentences ' were learned by every §; their r 

one group of 36 Ss was given a -recall test immediately, while 'a second 
group of 56 Ss was tested after a retention interval of 48 hours. The 
acquisition; phase was' exactly the saine a;s that' of experiment I„ 

' For the retention test , a further /tonstrained random order of the. 

" ' • ■ *' ^ . • ' , ' ■ ■ ■ ■''*.. 

sentences was generated; and then ^the cue words were takeji' from thesa 

sentences foj .presentation tcft the S^s\ ^ Since each sentence possessed 

four possible cues, four lists of cujss wer? constructed, ^so that each . 

sentence and each cue type appeared together exactly once; for the 

sake 0* convenience, this variable is referred to as Lists . Both 

"^rol^s^of 36 Ss were subdivided mto four sub .g-roups ofl9 Ss each-, 

'and at recall. each sub-group was gi yen a different list: " -^ , - 

A^jparatus . As iii t}\e dthea^two experiffiencs , the ' PLATO eq,uj,praent .was . 

used' . ^ * . *' ; . . 

Procedure . The procedure at acquisition \^^s the same as ' for experi- 
ment 't. At retention, the Ss' were instructed that they would be pre.^ 
sented with two cue words., and that they ' then had to write piir the 
rest of the sentence [Appendix 2, slides 18 22)„ They were then , 
shown a practice series of 3 cue word pairs for 35 seconds each/dur 



112 / 



and Wr i t e down -the appropriate 



ing^ wHich time they atteinpted toy^recalX 

sentence. During this timej a backgroujid slide was displayed 
slide 23), As at acquisition, thfe^e se :onds before ea9h tpail endedi^^^^^ 

warning "three seconds left" .w?ls projected at the bottom the screfc*.. 

• ■ ■ 1 ■ ■ ■ t 

Following the practice items, it was ascertained that the Ss* understox>d 

the procedure. Then, using the same procedure as for the practice /items, 

-C he - main recall UbL beg a n; durjrng-whi^h-44^.^ets-&f^&s--t^^r-e- ^ry nt ed ^ 



to each' S . 
Results 



' . / 



For each sentence, the number of words correctly recalled Vwithout 
regard to order) was scored. There were two sentences in each o£' the 



.8 '.sentence -type x.4 cue - type categories, and the number o£ weirds qbrrect 
(excludmtJ the two cue words) m both sentences . were addecj ' together, 

* - ■ ■ f ■ • f * 

to give-^-SZ* s sores per S^. . ; , ^ * • " . 

' ^ ^Both th$ scoring,, method, and the combining o£ scores /was .made mecv 
essar> because of the low level of recall. In brfier that the^cell en- 
tries were not preponderantly zero, it w£is first necessary to g^ve an 
i credit for any word that he remembered correctly,, and then it was 
•still necessary, to combine sentences in the manner described above., 
Even so the m^an number of words correct for bo£h sentences added 
togetlasr was only 4,64/ or just over two words per sentence.' 
• , It- is possible that in scoring only- the number of words correct' 
< one penalizes the S who recalls the core meaning of the sentence or 
phrase, but does not use the origirfal words to express this meaning. 
In order to test that possibility the recall protocols were* rated on 
a four point scale. Each sentence contained four , cleanly definable 



113. 



content phrases, the subject, .verb, objeQt and adverbial phrase. . For 
tach phrase whose appropriate meaning was recalled^ the S received one - 
:^0int: :'l£ the approximatb m'eaning of the. whole senfence was recalled, 

the S received 4 points--,. . - . - 

' It was^found that a ^ usijaily ' clearl/ reca^^^ oit^e did 

" not; there, were ^only, a negligible number 'of doubtfUL cases. Two judges 
scored the p r'otocoH— «^^aU--but-^^ c as e < ; (less than l^d) , there was 



no disagresment The relation 
number of words correct was ex] 
sistent with that o£ Cofer (19 



Lhip between the rated* score and the 
dreWely 'Strong, making, the^ results con- 
D\ The mean number of words correct 
for each rating category -and tjt^i^distributrdn is shown in TaWe^G. 
' Because' of the hj^|f correlation of the two^sets of scores, the ' 
. nunber ofwardS correct was preferred as t^e more sensitive measute. 
•[hese scores were analyzed with a 7 way ana|,ysis of variance. 
■Phe de&i gri had jwo between sub ject factars , retention interval CRD 
, and Lists and four Av^xthin "subject -factors, trans formatioaal com- . 
■ plexity (TcT Predictability (Prd) , Yngve depth (Yd) and Cue .type _ ' 

(Cues) . The design was completely crossed. The sximma_^ table is 

■ ■ ' ■ : ' "I 

shown' m Table 21/ - , . , ' . < ' ' v 

Of the^m^m effects, Prd (p ..00013 , Yd Cp < =a001) . and Cues ' ' 
Cp' -.OOOl) weie highlv significant, Tc was weakly si8n.xtadant (pS .03), 
while RI and Lists were not sigfiificant 

/ Although Lists Itself was not significant, it did enter into some 
highly significant interactions, These intQriictions indicate that to 
-some dci;:-.-. ou^.-, and .^c-oteacc, coinbine together nqn- additive ly. In 
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TABLE 20 



Mean nutnbei of wordr per sentenced, correct fc^r.^each rating 
categoify and tWe proportional distribution of the number of 
^ words corxefr-t- per sentence witFin each ca»tegpi^. ; , ' 



Numbex:qf words 
C orrect per se ntence 



Propoiti Qtt &f wo:eds .•correct per sentence within 
igeh[^c^ego"r y_foY e^^ of nufnber of words 

correct 



Categories 



0 

1 • 

2 • 
3 

4" "- 

6 
7 

8 , 

10 (pr «&re) ' 



Mean jiumlxer^cf 
corre ct jp er"sentgn£gj 



„so 


,01 




.31 


• .09 




„ 16 


• . ;3/t 


,09 




.39 


.18 




• „12 


.32 




„04 


.23 




.01. 


• .12 






.06 


■vPO 


1^00 


1,00' 


y72 


■ 2.68 ■ 


■4 29 



01 
.06 
MO 
A7 
^26 
,22 
.09 
.09 



7.11 
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TABLE- 21 



Analysis of Variance Summary. Table for Experintent III 



SCirco 
RI. 

.Lists 
RlxLiSts 

Tc 

fRIxTc 



Lists xTc . 
RI xListsxTc 
Ss^xTc . 
PrJ . 
:\IxPrd ;. 



' \xi xt,i striX?sop 
Si; x?Qp 



1 
3 
3 

1 
1 



4^ 



o 

3 
64 

1 

1 

3 

3 
G4 

1 

1 

■3' 
5 

r,a 
3 
3 

9 
0 

192 
1 
1 

.3 
3 

()i 
1. 
1 



Sums of 
Squares 

632.31" 
334,57 
618.70 
11467.79 
38.80 
2 . 30 



^^^^ 
Squares 



188.^6 
9.90 
617.44 
492.28 
103 .>J 
' 79.33 
15.40' 
758.76 
266.10 
7.45 
^ 25 . 

37,04 
429.07- 
750. J2 
124.33 
243.23 
39.45* 
2381.03 
.10' 
37 . 26 
92.C4- 
-'is. 05 
643.Ci^ 
:!l*.38 



Significance 
Level 

n.s. 
n.s. 
n.s. 

JOS 
n.s. 



ODl 
3; 



.0001 . 
.00^5 

n.s*l^#.^5; 
n.s. 

.0001 

n-s. , 

n.s. 

.01 

.0001 . 
.05 

.05 ' 

. .-n.s. 

n.s', ^ - 

n.s, 

.05^ 

n.s. ^ 

n.s. 

n»s. 



/ 
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Spurce , 

ListsxTcxYd 
.RIxLists>h*cxYd 

■ tcxRpp ■ . ■ 
JlIxTcxRep . " ' 
ListsxTcxRep 
RI xListsxfTcxRep 

^rSsxTcxR ep ' # 



3 

• 64 
3 

D 
9 
192 



TABi,E 2I continued 



Sums of 
Squares^ . 

*4S.05' 

76.31 

552.00 ' 

,167.07 

31*89 ' 

405,64^ 

JL39.32 - 

2006.15 



Mean 
Q Squares^ \. 

. 15.02 



. £ . ' V Si0feficance 
Ratio "-hav^ --' 



i-74. 



if.s. 



.i5,44 \. 




,,05' 


8 "62, 






55.6?,^ . . . 


5.53 . 


.005' ^ V - 


10.63 . ■ ' 


- 1.02 ■ 




45.07 






15.48 ^ ' • 


1*48 




10.45 


• 


* 


343.02 - J' 


22.34 


: .0001' 


-37.26 


.2,45* 




2.44 


.16 - . • 

<> 


n.s. • . • , 


4.72 . , 


■ 


n.s. 


- 15.36 






• 24. 10 r . 


2,17 


' ■ - . 
n.s. 


4.9^ 




n.s. J: 




8.66." 


,0001 


14. 9a , 


1;;35, ■ ; 


n.s. t 


iitio : 








6.23 ; 


.05 V , . 


8..8S 


.39 - 




49.38* 


^"4.97 i. 




44. 66" 


4.50 


> .01 y. 


. A. 
'^.93 


'it, ■ 




^48.'81 


4.89 


.01 ' • •■ 


43.25 


4234 ■ 




29.65 






15.^7 


' 1.S-2 V " ^ 


n.s. . • 


r ^9.93 






37;Xl ' 


-2,99 :* 


.05 '. 


7.89* 


.64 . 


n.s. 


o9 . 7») 


S,20' . 


.005 


16!§i 


-1.32 


n.s* 


12.41 


• • ■ A^, ■ 




, . •• -4' 




» 










• ■. ' ■ 


• t, 






•* 




1 





PrdxYd ' / 

RixPrdxYd 

Lists xPrdxYd 

:iixList^x?rd>5Yd 

SsxPrdxYd 

l^rdcRep 

.Tc:-?rdxfJ 

■ RIxTcxPrJxV^l:... 

-Lij^sxTu; PrdxVd 
IUxLi^,t^xTc:;Prc3;cVd 
SsxTcxPrdxYd 
Tcx?ndx-?ep • ' . 
RTxTcx&'TdxRop " ' J 
i.istsxTcxPrdxaeD - 
RI;>Li:.^5:;'rcAi?.rdxRep 
Sr.xTcxPrixR^jpo*. 

. x•^^ix^.•^V 



.-1 
1 • 

3 

■ 3 

5 
3 

' "9 . '.. 

9' . 
1I2 * 
- 1 
I 

3 ■ 
3 

64- 
3 
. 3 

9 . 

192 : 

■ 3 



343.02 * 

37 

- , 7.31 * 

14.15 
:982.79 
^"72.29 
14.80 

13 a. sLo; 

2131.50 

8.818 
118^3 
15Sj97 
635.33 
146.42 
129.75 . 
266.89- 

• 136.49 . 

1915.50 
lll?33,f 

3r)7.-7'S 
r l4i>,94 ' 
23?12;B6 



... * J 
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TABLE 21 continued 



111 ' 



D.F, ' 



Sums of - 



Me.an • 



SdgnificancQ 

^©Arel ^ 



' f: 



nixTcxYdxRep 
■DisXsxTcx^dx:<#i 

^,..r . ....... 

-List:s^>^x?rdxYd^^^ • ''^ 
. RIxLiit^,xTcx*^rdxYdxll3p. 
SbxTcr^^x^-iYdxRQp 



3 


7.25 


■ 2.42 'S 


.27 




3 ' 


52.01 


17 54 

JL f • OT 


I.9Z 


n.s. 


9^ 


113.49 


1 0 Al 


1.38 * 


' n.s. ' 


?• , 


1 

J^Ol.75 • 


' 11.31 ' . 


^ 1 9d 
; ^ A.*.** 






1749.59 - 


: \ 9 ,11 






3v^ , _L 




1^.37 


2,12 


n.s. 


3 - 


- 22.56 






n»s. 


'9 


319.47 \^ 


* 35.5G' 


4.60' 


.0001 . ' ■ 




'■ "'si 14 


8.91 ' 


I.IS 


n.s. 


' 192 


■1432.80 ' 


t.72 






3 ■ 


' 60. o6 


20.00 


2.30 


■ ..n.s; " ./ ^ , 


' .3-. . ■ 


52.48 ^ 


10,83. 


1,25* 


n.s* \ - . \ 


.9 


' '196.a6^ 


2l;87 








■45. 40^^ 


^ 5,04 


^ .-58 


- • -''or' ^ ' 


192' 


< 1669.65 \ 


~\ " 8 . 7o^ ' 




















































. >' ' -v.' 






't ' 




■ f » ' ■ V. 










• * ■ 
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other words; a pfirtictirar cue depends for its effect, not only on the " 
.sentence tj/pe- (aptive'» prediGtable or whatever} .. but also on the unique 
Characteristics of i)a£ticular sentences., The implications of the in - 
fractions involving Lists is not entirely clear, but where' they exist .; 
they do serv^^ notice that a particular relationship depends in signif, 
leant part on properties of the sentence other than those measured Cy 

the experimental variables. ._ 

■ / . ' ^ ■ ' ■ ■ ^ \ ^ . 

Ar.oTh-ir chara.cteri.-tic of ths analysis sumaariidd ir. Ta'ple 21 is 

the very large variance due to Ss. Variation between -Ss accounted for 

.28*i of the total variance, as against 4% for the bid and 7% for the npw 

ft . . . , . 

sentences m experiment 1. One consequence of this situation is that, ^ 
rt-tention interval, a between subject variable, is not- significant , 
even though the difference between the means is compaii^#io with other 
r.'^-an differences Another possible consequencie Ss.|5m' interaction be- 

tween Lists and Ss'^ Because S was nested in Lis^,: tie existence of 

■ - - ■■f' - ^ 

such an interaction cannot be tested, but it seems- likely that :r. l#ast 

■ ' ■ ■ • f T - ■ '< 

sows of th§ differences ostensibly due t(^ Lists njay have ^;actually been 

due lo Ss. The means of- the 'njain experrhisntal effect'^^^^ and their,^in- - 
ter^ctions are sho^vn in T^ h \ g f^^^ 22 . 23 . .and ^ ■ ' 
^ ' Unpredictable sentences v;ero learned and. retained to' a hi'Sher . 
level than prodict^ible.oncs, and' simple sentonces> were learned and re-, 
tviinod more effectively , than complex, ones « Of the cues / the, object 
was most effective followed by the subject, adverbial Jphrase and vetb 

in that order. The verb was significantly, inferior to the other three. 

, , "l^. ■ • ■ 

cue;, (p 001) and 'the obj%ct was more effective than^the next best 

119 



113 



TABLE 22 



Means for .experimental main effects, and interactions 
with retention interval. 



Retention 
Interval 



0 Hi's 



4 S 

, /■"■ 



Col rneans 



^^TGdictabiliiy ■ 



-Cues- 



Row 



Act Pass Prd Unprd SijT£ Coni^ Su^^ 

5 02 5,50 4.49 5.84*" 5.56 4^77 5.3,5 St97 6.18 S.IS ' 5.16 ' 



4.00- 4.^4 3.87 4,36 



4.51 4.77 4.18 



.05 



1.40 3,83 .4,42 3,57 4.49 3.99 ' 4/12 



5.10 * - 4\93 4.30 4^89 3.77 5.34- 4.57 

/ 

.0001 ' ::Oiioi , .0001 



Un::?ractiL'r'j 



n.s . 



.005 



.05 



12a 



/ 
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TAB?LE 23 



Mean^ for tht> intei/acti<jn^of Cue 
type with trrinsforntationjil corrrplexity , 
predictability, and YngVe depth. - 




Tc 



.Active Passive 



4.82 



3.')5 



■■4 , 



4.- 



5. as 



t.u 11 can CP 



Cinte'i^as^tiony 



.Of) 



Predictability 
Prd Unprd 

5.17 * 4,03 

3.81 



' V. . ^ 



/ 
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Means for > the Yrigve depth; x ■predictability irti:era,ction 



Simple 




Ptedic?:able V 



Unpredictable * 



5o82 \ 



. 4 22 



4.5S 



7 



\ 



-Sign^t'icahce^ ' ^, ' 0001 



0 . 
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/ 



cue'' the $ubje.ct Cp^.^-'^^55\^^^^T^^ 

' ■ O-- ■ \ . ... - ■ .-^ - ■ . ■ ■ • ■■ ■■ ■ 

a4v0tbial phrase Tolas' not^ significant.^ 

• These interactioni^^lnorig the e^cperim^^ are large eriough 

to deserve; mention. Predictability interacted with retention interval . 
(p < .005) ; Tc with cue type (p < .005) and Yd with predictability Cp <.05) 

^The~lm™er^ac^^^ 



greater effect at immediate recall than 48 hours later, although the dif- 
ference is still 'significant; for the later interval (p<.001). The inter-'. 

'action of Tc with cue type is due to the significantly greater /efficacy - /' 
of the obje:ct iu passive as opposed to active sentences (p.<-00i) . . The 

■ interaction of Prd with Yd is due to the greater recall of ^siinple .unpre- . 

-dictable sentences. ' - . V . / 



'9 * 



' ■ . ' ■ ' ■ DISCUSSION - . " ; . 

The aim of fthese two experiments was to examine the relationship . 

t^etweeri three sentence variables Ctrmsformational compleo^^ Mc) , 

Predictability ■ (Prd) , -and surface' structure complex5j|f or Yngve depth 

(Yd)), and retention^ In the first experiment, retention was assessed 

• . ■ ■•■ -i' • 

hy a recognition method^ and in the second experiment , it was measured 

by cued or primed recall, , t 

" Effect of sentence type on retention 

./■■-* . ' . - " 

. Recognition , in the first experiment high ..Prd and low Yd (simp^le 

[ ■ ■ . '.'^^\^ ■ '-^ 

sentences) resulted in significantly better recognition of old sen- • 

tences at bojih l;he zero.. and 48 hour .re'tentioj^i intervals^ even though 

■ " - ' / , • ■ 

the bVerail level of retention declined significantly oVer the 48 hour 
period. ^ Transformational cpmpl^xity was not significant, active ^and 
passive sentences being recognized equally well, 

/ ■ The detection of new sentences did not depend on either Tc/Prd 
or Yd, but rather "on the. nature of the diStractor^type of the new sen- 
tence and the length o^; the retention interval, /However, the detect-- 
ability of low Prd new ^sentences / declined significantly more over 



the 48 hour retention perijod than lii.gh Prd sentences, a result par- 

-■. ■ ■ ■ . . ■.. ^ v' ^ 

alleled by a non-significant trfend in the old sentences, • . . 

■> * ■ c ■ ' ^ ■ 

~ *- , ■ - ■ ^ , ■ ■ 

.The dis tractors were obtained by either a word change (replacing 
the logical subject , verb, logical object, or the jioxm from the ad- 



verbial phrase^ with an appropriate synonym) or a positison shift (mov- 
ing the verb's adverb to the front of the sentence, or changing^ the 
adverbial/phrase* to an ad^jace^it^ intermediate 'or extreme position in. 



■■i 



lis 



. t'he'senli^ncej,. . The dis tractor type had a considerabie effect on the de-' 

. •• • ■ ' ■ ' . ■ ■ ■ ■. \ ■ ... ■ . ■ ' ... ■ 

. tection' of new sentences. The object was a.ssociate.d with -signifiGantly ■ 

■v; higher.,. and the ylirb with significantly l6wer detecfion scpres, withrthe 

subject and adverbial phrase noun being-.intermediate._ The effect old ■ 

position shift was a simple" function o.f the amoimt . of, shift,' .with, ad ja- 

cent" shifts being the l^astj,. and the extre!Be;^shifts being ^the most de- 



val * and- dis tractor type. The detectability of word changes did not 
■ cfiange.over the '48 hour retention interval, whereas the detedtabi^Jity 
^ ; of pcJ^ltion shifts declined^markedlyv. particularly, in. th^ (case of the 
adj acfent shi fti ^ ^ ^ 

Cued recalU \ In the cued recall experiment, high P<d '4nd low Yd re-- 
suited in significantly, better jrecali" at both the 2,ero and- the 4*8 hour 
retention intervals,, even- thp ugh" the over all level of , retention de-' / 
dined over the 4S" hour period'. Passi*ve sentences were recalled better 
-han activ^^ones but the significant interaation of To X Lists, makes. 
• the ^^feality of this .result rather questionable. \ . ^ 

•Unpredictable sentences were recalled much better at the zero re--' - 
tention interval than after 48 hour$s even though the; effect of' Prd • 
Was still evidence then. This result parallels the outcome of the re- 
* 'co<niitidii fexpetiment , Another result which parallels one from first ^ 
experiment is the relatively high- l^vel of^ recall, of simple unpredict- 
able sentences conpared with complete unpredictable o ' 
. " . The,effe'ct. pf cue type (logical subject/'Verb^ .l6gica^ 

the noun from the adverbial phrase}, was highly significant. The ob-jec/t 

' ^ : , . ■ • •■ ■ - /■ • /■ . ■ ■. ' ' / 

was the most .effective cue ,y and th^. verb • the least ; ef fective with the 
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subject and the adverbial phrase noun being inl^erinediate, Ovei?^J:he 48 

hour retention interval, the differences betwelen these cues fqlT away 

to some degree, the decline in e-ffpctiveness as a cue being less ioT' 

the subject tliah ^or the object. Que type interacts with ,Tc in that 

,the object in a passive sentence is a highly effective cue whereas the 

noun from the adverbial phrase is much, less effective in a, passive than 

-in—an-aet-i v e s e nt enee-i— — '— — — -. ^ ■ ' ^ — ^ 

Theories of merfbry of sentences ' , 

In the inirocS^tibn^ a number of theories of memory of sentences 

were outlined^ knd we now turn to the question o£ the extent to which 

the evidence of -^hese present experiments- st^jpdrts them. 

* - . ' ' ■ 

Surrogate structure theory, • There vv-ere four fainilies o£ theories dis- 

cussed. The first is exemplified by Ponj)! § Lack man (1^.670 who pro- 
posed' tha4: what is stored are surrogate structures, based (in part] on 

the word order of the original ' text , and the associative relations of 

" ' . . . ' . . . ' -r I " ' . ■ ■ 

those words, but not necessarily. containing any copies of representa- 

.tions of either the actual words or , the grammatical structure linking 

them (pp ,34-35 above) . ■ 

If this theory holds, then one mi^^h^ expect that word change dis- 

tractors would be detected less readily than position shift-distractors 

t . ' • ■ ■ ■ ■ . ' - * , .V ■ J ' 

since the former woulcl not be- semantically inconsistent with the re- - 
liiaining words (thus pre)serving^ the associative, relt at ions) , while the 

latter change word order, which information is ^retain^d to some de- 

• • , * • , / ^ • ^ • , . . . - 

gree in the surrogate structure. Position shifts .are' cert,ainly d^^ ; 

tectpd more nreadi^y immedi^ely- after learning^" l)ut 48v hours later--' 

" there -is na*difference\between wor4 /change and position^hift^ " - 



distractors., depending on the amount o£ shifty no differences would be 
predicted btetween the.n\;ord change distractors. The predicted differ- 
■ences did arise in. the first case, but there were' significant differ- •• 
ences ainon.gst the word change distractors as well. If the surrogate ; 
Structures are actually formed, then they are -independeTnt of neither 
the actual words in the text, nor their 'grammatical role. ' j : 
7 Structural variables such' as Te aiTa~rd should also iioL be effective^- 
but clearly si^rfate structure complexity exerts a considerable influence 
on learning.' If associative relation^ are important,' then unpredictable 
sentences should be mqre difficult to leam, but this^was not the case, 
in fact, t(he reverse was true. 

More evidence which tells against the Ppmpi-Lachman position com.es 
.from the ^fifidm^ that the number of words ^correct in the cued recall 
-)expe*ratrient was strongly related to the amount of sentence content re- 
called If the sentences were stored as surrogate structures then one 
would not expect that recall would be neces^sary in terms of the original 
words of the sentenc-es, but that paraphrase would be as frequent as ver- 
batim reproduction* ' . • - 

Surrogate Structure theory derives from Gestalt theory, and per- 
haps more immediately from Bartiett (1932). It seems clear that it" is 
"rnadequajie, principally for- the reason that its forebears failed-'-it 
i lacks a mechanism for handling fixed traces and th6 relation between- 
them. ' \' ' 

. . . ..." ■' ' , ■ v';'. ' V ■ ■ , ;•■ ... •. • 

Nlnemic Abstraction theory% ' THe second family of theories thq,t we con- 

— 7 ^ ^ 

.sidered tries to" meet the fijcedXtrace problem of the Gestalt theory, 
y^t. preserve its dynamic flexibility b\ positing some mechanism of ^ 




abstraction wliich takes and stores the core leaning of a senteiicev 
GomuXicki (1956) has offered the most precise statement of this type ' 
of theory , claiming that an omits unimportant wordsf and phrases so 
that what is remembered is an action -agent-effect unit, - 

The present result^^>V;rw counter to those of Gcimulickiv 

, He found that verbs v^e re best i%Tn^;|5^^ed, followed by -agents {the 

^^TogTcaT^ubje^^ 
object) . In th.e\first experiment - vet*bs were dete^tsdleast readily^ 

-followed by subjects, w^th objects being detected best of all> 
same relation held in the second experiment, where objects p^dvided"^^ 
the most effective "cue, and verbs the least effective, - " * ; 

An abstraction theor>- would predict that adverbial phrases would, 
be the most poorly remembered^ since thevrsiTe external to the action-, 
agent-effect- .unit ^ but both Ifhe detectability and -the cu? value of the 
object were better Chan those jof the verb, and almost .as good as those 
of the Subject, ^Another prediction, from abstraction theory is that word 
changes- should be more detectable t^n position shifts^ since the action- 
agent- effect unit should depend more *Qn the actual words than on their 
order, but his prediction was not confirmed b)r the first .experiment, 
D fiep structure theor>\ A third theory comas from transformational 
grammar./- In one vei^sion (Miller j 19^2} . it is argued that an important 
determinant of leamability is the number of transformations intervening 



■ ■ ' ■ ii ' 

b^Stwefen the base structure of a sentence C^>^hich is stored)^ and its sur- 

face structure.- A kernel sentence (the core meaning)* is stored plus 



grammaticat tags vvhich indicate ,whet>her or not the sentence is passive. 



thelocation of th?^ adverb etc: these two tontppnents are stored sepa-- 

rately.^ ^ . . ' ' ■ . • 

The; present experiments do not support these notiQp.s } acl?xA7r-and 
passive sentences (the latter^ according to Miller^ requiring one more 
-intervening transformation) being equally easy to recognize, and passive 
sentences being rather easier to rec^l. I£ the semantic and syntactic 
information is stored separate ly> then varial?lbs affectp.ng them should 
not interact; but predictability (a semantic variable) does interact with 
both Tc and Yd, two ^syntactic variables . Moreover, Miller's theory pro- 
vides no means of explaining tKe differences 'in performance at the^zero 
and 48 hour retention intervals. 

The Miller yiev has been criticized on other grounds (pp* 38-39* 
above) andv a more general and somewhat ^iffere^t version has been put 
forward by Fodor & Garrett (1966)". They argue that what is stored is \ 

soma rep/^esgntation of the deep structure, and the important variable 

■ - ■ ■ ■ ' ■ ' ■ ' 

is not the number of transformations intervening between the^deepi struc- 

ture of a sentence, but the clues to deep structure that'are present in 

the surface structure. In addition^ they agree with Chomsky, {1965) that 

all, meaning bearing elements are present in the base, among which is the 

' ■ ■ V ■ ■ ' ■ ' ■ 

passive K ; ...^ 

Such' a view would predict that word position shifts would be more 
poorly dotec,ted. than w^d changes since the former involve optional trans 
formati6(ns that are not Ve levant to the structui^e of the base^, while the 
latter involve elements okth^ base. The results' of th^ first experiment 
contradict this prediction. 
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It would be also predicted that- sentence!^ with a complex surface 

structure should be moreldifficult to learn because the number o£ trans- 

forniations intervening between the surface and deep structures, is great- 

er- In- both experiments^, high Yd sentences were the more difficult t6 

le^rn. ^ ' . 1 ' 

Surface structure theory . A fourth type of th^aorynsm^asizes the impor- 
'^ ■ ■ . ■ 

tance of surface structure. I^rqponents of this position (enrg*, Johnson, 
1965) usually assert that what is stored are chunks whose boundaries ar 
derived from the surface structure of the sentence. Chunks may, o£ 
course, be nested within one another as in tree diagtams* 

A variation on this view comes from Martih, Roberts § Collins (1968) 
v;ho claim that when a sentence .is learned^ its 'grammatical structure is 
first determined (a task that varies m difficulty according to the sur- 
'face structure complexity of the sentence), and then woVd classes a^sye . 
^differentially processed into memory, depending on their importance for 
the sentence. ^ ' 

It seem$ reasonable to suppose thar such a theory would predict that 
dis tractors which involve rearranging chunk order (word position shifts) 
would be easier to detect than dis tractors which merely changed words, 
and did not interfere with the chunk structure. That in fact ^ was the 
case for iinmadiate retention..* Howevers, a.£ter 48 hours the differences 

i 

bett-^een the two typos of dis tractors had vanished, which ' suggests that 

chunks based on surface 'structure are not critical for jLTM. . 

Comolexitv of surface structure waSt pffe-dictably important .(simple 
■ V x)t 

' sentences were 16amt more readily than complex ones") -r but , the theory 

... L 
doQs' not have any means for dealing with .either semantic variables, or 



*STM - nu differences^ both fairly serious drawBapks. 'However, i^.does 

■ • . • k- ■ \ ■ ■ 'o'* ■ ■ ■■ ^ . • ■ ■ . 

provide a partial account of the differences' th^t were found/between the 

cues and the^ word chartge ^istracliors.. If what is stored are nested chunks 

. ' ■ <i» ■ * .■ , ■' ' " 

follpwin'g the tree diagtam of the original s^n^ence^ then^it might. be . 

reasonably expected that the associative^ bonds between tjie chunks 'were a 

fimction of the closenfess of their "trfte links . . It is clear that in the 

case of a simple type a|"tree, the^%j eCt.^ W linked most closely to the 



verb on one side, and an adverbial phrase on the oth^r, whereas all 1;he 
other main constituents have ornlv one such close linkage- Nevertheless; 
this a ccQunt as insufficient, as it does not account for the' inferiprity 



of the verb both'* as a distractor and a^cUe, ftpr does it handle the 
situation where "'the tree is differently structured 

>r,s nrobl^rrs and theoretical suggestions « 

- — — — — \ 

It. can be seen that although none of these theoriifs can be un^ 



quivocally rejected^ none of them are satisfactory, the main -J)roblem 
raised by tphese experiments are: ; . 

1. Th^ unexpected effects of sentence predictability. v Contrary to what 
might be' expected C^ubenstein S Aborn, 1958; &lamecka, 1964), unpredictabl 
sejitences were learned better t^liari "predictable ones. 

2. Thti unexpected differences between word, change distr^ctors and the 
cues, in particular the significance of the object in memory, and the 
re 1 active unimportance of the verb. 

5. The relation "between* LTM and STM, especially as exhibited in the . : 

' . ; ; - . ■■ ■ ■ , 

changing effects of predictability and word position shift distragtors 

over the retention intoi'val: One cannot have a meaningful theory of* : 
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memory without time as a variable, and none of the four theories have 
both&red with itt. The absence of the time variable malcQS the theories, 

. :^ • ■ • .- ... ^ r 

inherently untes table because' esf'ch retention interval 11 have a dif- 
ferent pattern oif empirical findings C?nore or less) for comparison with 

• ■ / , ' ^. ^ ■ ^ ' ' 

the^ theory , ' • 

4« The relation between syntactic and semantic variablTes, in particular 
betwee.n Prd on .the one hand and Yd^on the other • 

Jf '?OPm ^ t ho ugh lenming nf t he sent ences in these experiments l 

coul,d have taken place ag follows. On being confronted with a sentence, 
a S_ trans ferfe it to som^ STM Vhere he resolves it into a surfc^ce struc- 
ture tree. This is a relatively non-controversial assumption as there 
is plenty of '.evidence* that surface structure is* important in ^sentence \ 
perception (/sleisser, 1967Jj^ as<?well. as in sentence learning* The , 
then recOd'ii> th^ sentence by abstracting the meaning bearing elements 
of th.; sontence and linking .them together so' that the rela^it:)iiship be- 
tv/een is preserved. Tlus 'may be done via an imag^j or an NLMy.but the 
basic requirement is that the elements and the relationship between 

them be encoded* For example, consider the following sentence:* 

* ■ ■ t ' ■ ^, ■ ■ . > 

■ c? » • ■ . . ■ ■ 

(12)/ The muscular spinster defenestrated thd' amofous 
lodijer on to the blushing ros^s below. 
There ai-e two ksiv images: tlie 'first is of "a muscular ^pinst^r de* 
fenestrating, and the Second is of the afnorous lodg^is^on *hx$ way frotir 
the . window to the roses. It may be nbted that the least important wo^d 
is the verb, as it is implied in both |^\subject's and the object's 
imi^go. The next most' important is the locative (the adverb of place)^ 
since it is partly implied in the 'moving lodger' image* 

■ y" • ' ' ' ' ^ 'V 
' ' 132 . < 



.,. ■ : ■■ . •• .■ ■■ - -126 • 

it is of cours.e, a purely speculative nptioh, but it does not seem 
' implausible that an £, once he has resolved the tree of a sentence, breaks 
it intO'its most important semantic conponents, and ttipn builds on them 
in some way* If he does act in this way, the factors affecting his learn- 
ing rate would;^be the complexity of%the tree, and'^the leamability of the 
key words (and their links) of the sentence, which would depend on well^ 
* <?stablished variables (in other contexts)" like frequency, conprfeteness 

and viyidne^\ . , . ' '■- ^ _^ . ' ' v';. . ■ 

Iji a recognition task an £ presumably^ compares the input to his 

memory trace-^ matching first on the ba^is of well rejjQembered features, 

' •» ■ ■ ' ■ '■ 

and then Qhe eking the less important features of the sentence. In a 
. cu4k1 recall task, the^ presumably seeks a match for the stimulus, and ^ 
t;*cn generate?! a sentence basedon the items which are associativeiyo 
linked with the rtatching-^trace^ _ Of course, the recognitions and cued 
recall situations a-re vastly more complicated than thjLs.^ but these re- ^ 
' 'maS'ks'are sufficient "for our present purpose. 

A model su^h as the one described might make the following pre- 

■ ■ "^^t 

dictions. Since the^^s'^urface structure is most Ampartanf at' acquisition; 
but may ,be discarded once the core of a sentence has been comndtted to 
r.a^mory, then word positions shifts shoulji be'' relatively more impgrtant 

\than wotd changes for immediate retention than 48 hours latey.. ThpLs 

\ ' ■ ' , - , ■ , ,:> - 

\v^s the case. Because thoir surface structure^ trees are more easily 
decoded, simple sentences should be learno^^ore easily than complex 
ones, and this expectation was coii^firmed. Since -unpredictable sen- 



teaces evoke untis^ual and rather vivid images, their c'omponent^^ are 
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X./- linked rv^ore readiljr togeri]^r <a .kind -^^f^ Von R^^^ sp/: . 

|; ' . they should be/learned inoi^O^x^ Suchy asistl>e. ^^ase • . . " t: 1 • . ; . 

Sincb there v/a^ copsider&ble time pressure oii th^ Sfe , ' it r4-ght .be , 
prodicted that in cases vvh^re they to (decode ^ coniple'x tre^^, as *- 
well as leal»Tf itnpredictable' relationsh-i^^^ .' 



There v/as some evidence to support this p'Stedf^ztlbny particularly in . ' • . 
'the second experiments b,ut. it was not- stron^g, ^ .\ . ^ 

..!Th<^ det^'^tion of new sentences and the differences'' iJ^v^/een the : 

■' • " • ' ' ' . 

various .cues were closely related. The object was an easily detected 

t:} . . . ■ ■ ■• ' . . ■ 

distract^r and an excellent cue, whereas the verb was neither/ ThiS:. 
fiitdmf: follows, naturally frpk the model described above. The two \ . 
key torrpbrients are the subject and the object. The^e, then, are "^j..^ . 

committed fir^t'to mejmory. Followed by the a^d</erbial phrase, as an . 
f2uA}imct to the object,. The-verb> being implied by both tlje subject ^ 



V and the ^obj^ct. is/ in a i>i9inse, redundant; so it is added iastj if 

at all. ^ Hence the veVb,is detected vexy poorly. The results ^bf Sach?. 



134 



ERIC 



\ * (1967) are reilsvanj: here, 3he found that word position changes were 

^ , well detected at first, but performance rapidly declined, as in the 

7> ^ joresent case.. She also found that pa^ssivisation was poorly detected, 

L t . a re'sult s'ge^was not able to explain. The passive transformation, of 

■ Qoxxx^o; operates^on th^ verb, and since the verb is poorly stored ^ « ^ . 
I ' - . anyuray^ it is not surprising that transformations on it are' not .de-. 

tuctedt Wi^en she changed the subject-object relationship, detection • 

I ■ - ' • i? *. .. « ■ ■ . ^ . • .• * ■' 

1: % / ^ w'a.^ \'en' gboJ^ an outcome' consistent with the ]^resent results. - ■ 

*. * ^ ' ■ - ■ ■ . " ' . ' , • . , 

■ r . V ■ •. - • ■ ■ - " • .' 




.r : 128. 

I • V, ■ . ■ ' . . - 

" ' ' -■ ■ ' - ' ^ ' ■ ■■ ' . ■. \y ■ ■ ■ - 

■ , - ' In sum rce'mory for sentences seems to depend to a considera&Ie ^. 

f ' ^'^'^ . 1 ' ■ ' , • . \> 

i "extent on variables well established in verbal learning such as vivid- 

f. . I" ...-.■'ness,- c^ftcrec:.one>s,'y-'-and STM, as v/.ell as the cornplcx: .y o£ structural . 
" ' • • relations between individual words . ' Using siinple ms:it;ures like these, 

\y ■ - ; : k it seems posisible to account for a reasonable amount of the v^iriance ^ 

*^'. .'■ '■-''."'''■* \. . % ' ' ' * 

in sentence acquisition. ^ ' * V / 
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Is -appendix, cbntains^ the 64 experimentali^&ei; 
by the 'S*s. in;toth experiinents. ■' " ' - «. ' ' ; 
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j The tidy , carpenter car'<^£uily tliT^w the metal disK |in th^ V ^ 

The icy pepsi^^r^m^a-'Cf^^ demurely 
- d^ant queen / ^ , 




sampled fey the ra- 



The bronzecl pioneer in a hushed tone . excitedly .related his own 



history. 



The keen birdwatcher soon sighted 



* rare -ow 



At the-l^usy airport the tevdious di^iay \?as. soon resented by. the 



alien traveller. 



■J 



with his ,strong binoculars- a 



la: 



The \v-eak patient^, was s lapped savag^iwby; the medical ^ister witlv- 

the wet' towel. ^ ^ . | ^, , ' * ' . . 1 . ' , . i y - 

The thin miml^ Iwas loudly honoured '^n the theatre by • 

the lengthy applause^/" V ^ .| , ^ . ' 

The fHendi/pnysician wlis always* greeted witli coiirteous nods :. • 

by the hospital matron.- ' • ."^ ' - • • ' 

" During t;he Brief erisis the frenzied mob ;v^ras grQ^tly st^ 

- ■ ^ • , ■ ' - - ■ ■ - ■ 

b-y its ov/n .fear.. . " ^ . ^ . J * 

. ; ^ - . . ■ ■ ■ ^ - . 

VTh<p brown rabbit anxiously eyed the circling eagle in the clear 

■•■ ■ ^ - ', . ^ ^ ^ . . ■ 

The blind adult 'politely led through the iBisty forest the rude 
Uooligan. . ' ■ 



151 



• 145 



1 



rl • 



3^ 



On . the bleak mountains [the/ hardy peasants patient ly 



The- rich director in^th^ "filthj^ bus nenil)/:> discussed curreqt-^V 

. ; ; ■ V. : :■:^.:.:f 

The scared cows during the storm were kindly soothed by several 



0 ' 

During tKe he(jtic campfi;jgn ripb bSjianas were sflowly 
ths confident nominee*, I 

The* dynamic (jrator during the 
vinajjor facts . ■ 

smile the pretty 



With a happy 



munched by- 



open session i)r:.skly ijeitera'ted the 



tended their 



typist often inhaled ah .expensive 



/ The ancient, king bent regally^vvith aa in^^ 
mailed frame. . ' . . . . : 



Foreign p/licies are wrongly mquldsd by verbal radicals m the 



eastern towns. 



The sllMf acrobat with 'unique ability: swiftly, leapt i^nto the 



bright light. ' ■ ^ . '. - J 

Into the shocked. onlooke;rs1lhe fresh peach was d^tly s.ocked^by 



the" surly dentist 



The. sleeping hiker beneath, th^ cool shelter was abruptly woken' 
by*chirping robins « • v - 

.The majestic trout was^ gladly returned by , the ravenous hunter to 
the wide river. ' | 



• The fragile doll in o 



3 action was badly wrecked by the tall^ 



, commander. 
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bitter ; finish. 
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Th;e*. interior side; fought bravely its touj^h opppAentSTtQ the 



A priked^mfedal was gxabiously 



the cMaairinaii to the 



I pei:^p4:ring ath|ete 




In t|e irocal.sifore tke ob;serv4nt he4,j]|er neja-^y mende^ :the rott|^ 



I 



ve ars , 



The |weai,thy ea:rl contentedly ilved in .the Negro ghetto' his last 



Th^ 



tlife University President. 



pains 



hand. 



the 



In 



ini'litant fascist was lavishly ^/creatfed with'-rgml led veal by 



ilL beggar was b-riefly overcome on the damp seat. b^^^harl) 




phe mink coat the bar/foot pupil hastily took -the admiral's 



The bank teller cheerfully carried along the' bumpy road the 



Stolen money. 



41 -. 



many ways, 



' users. 



The. stone chuji^m was loyally supported by the smaHl village in 



In da^np C/rannies fresh pastry was perpetually consumed by heroin 
The /massive elm in the mild weather was thinly sprayed with soft 



/ The sterm ladies drua^centy. enjoyed in the femperance club the 



\ cotktail banqiiet. 



The snarling pup with brutal pressure was roughly, hit' by the 



'grim policeman. 
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^ ■ . • , ^frhe clever, lecturer from 'tl|e reho'vmed college o|c.(^ forgot his 

''precious notes, • ' ; 

X The fiery speaker pi/oclai Jed defiantli^ on/a clli 

avewal .1 : is. ' / 

Thelsoutherntpolitician lusliiy yodel Le^ *man)| 

in the Idly plain/; * , ^ 1 



eve his^ single 



re^idom chants out 



.ERIC 



cardinall 



senate 



boush. 



\ 



: The gindy shirt beneath sil^ robes was gaily di ;p]|ayeci by the grave 



The- tired artist' in pale blue pyjamas solemnly addressed the empty 



The tame squirrel, graspfed nimbJLy with an easy grace a swaying 



The sparlet pants were proudly dt^sen for special trips by the 



diSiiiiec. chauffeur. 



In 

wary landlord. 



The 



hotel . 



two days tjie foreign occupant was warmly acteepted by the ' 



Illy ac/ep 



stocky felon fd^U.few^Godkies silently i-aided the fuiy^' * 



Taefctynical ne;sjsman oxposec^ .recently the secret betrayal with a 

rueful siobrt. 

Tne Igrey kangaroo joyously- trampled thfe growing barley with his 

L 1 " ' . ' ■'■ . . . ' \ ' 

clUKisy tread, I * ' • ' 

On the lonely shore bekrded sailors eagerly fried a tasty omelette-. 
Frob his fast jeep the county sherif f , qui ckjLy' drew out his trusty 

nis tol . 
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asl grieviously torn bv virulent ipestilences 

... 

nn b 



/ Th-e~ uphaptpy .nation v 



some, 'decadep . 

' it ■'■ ' 't • 

■ The lincofith bishop hugged passionately in the Austy 



e prim Spins t|^||. 

The ^le^k beaver on the floating^aft was greedily followed by 

.'hungry serpents. 



In the waiting taxi the loud eruption suddenly ei^ded the-tenae 

stillness . . . ... * 

At early daybreak some stale custird was shyly dppiosited by the 

dark' postman. ; < ' " 



The alert author into tlie whirling tprnado merri^ly drove an old 



truck. 



race.. 



friar. 



7 



The- verbose host accidentally shook a dusty mop in the janitor's 



he b4' 



Tns weary ^pony was gently urgod along the stony paths by the^ald 



f ' The pr^ng native \||s cruelly killed in the^. grimy hut by the 
Christian pacifist. ^ ^ , ^ 

The shaking minister nervously- pl|p.ced the loaded-weapon pn the 

tiled roof, . . S 1 . 

. : Kith much cai|v2 the i>mal L package was lovi^^gly hidden by his aunt, 
'Tne ugly bosslwas grandly entertained by the poor cleaner with ^ 

Swis^ liqueur. - . « 

• • • 1' 

^ , Tne raucous jury was boldly given by the miserable prisoner a 

five whisky . , • ^ / ' . 

The freckled youtli :-,heet3ishl\ washed his grubby hands in the 
clear wator. 

. ••■ •., 153)1 
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APPENFDIX 2 



Instructions atyen to the subjects in expeiexMnts 



.1/ 




Slide 1, 



\ 



/ 



WELCOME TO'PLATO 



You are abqut to tal<e part in an^ 
experiment on memory for sentences. 



/ 



Press the space bar fo 
more instructions 
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••' Slide -^2 . 
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\V-v . 

Ea^h seintence will be shown for 
25 seconds on this screen. During 
tfiat time yrfu must write down the 

■ sentence in the booklet on your 

; right. . • . 



To Contiil«ue, 



'Pr^s^s the Space bai^ 



X 
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1 



V 
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■ I [ : ;• 



/ 



As\you write down each sentence, 
try to\(iemorize it. Later on, you 
will begets ted to see how effective 
your meniprysis . 



Press the- snace' bar- 



\ 
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Slide 4. 



Write quickly. Three Is econds 
before the next senteneel is going 
to be presented, the woifds ''three 
seconds left" will appear ^ towards 

buttom of the screen. This is 
a\igtt3!l to hvirry. 



■ \ 

Pre^s the space bar 



Slide 5. 



, To ensure that you understand the 
procedure ^ yoa will b^> given a setT of 
, pr^LCtice sentences to learn/' 

Before learning the. sentences, you ' 
niay want to Teviev; the instructiofis . 
If so^ press the key markejd^B, and 
you will "back up' through th?^:instruction$ . 

Wh^n.you are satisfied/ that yoif 
know; what: to do, press tWe space bar, 
and the sentences will bd displayed, . 
one ^ a time, fpr ^25 sees., each. 



Prosi tho 5.pa.ce ]\>ai\ - 



160 



\ 



^lide 6. 
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Write down andv learn this 
sentence as\ quickly as possible. 
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S' V 
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Slid? 7. 



A- 



V 



pxQit con^letes th© list of 



V 



. / 
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I£ you have any questions at 
aXl, raise your hand and 'call an 
experijnenter . • - ' 

If you feel qui tb .confident j 
about the procedure, press thef space 
bar to continue. 




J' 



■J ' 
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Slide 9/ 




You wiir ndw be presented with •■ 
68 sentences to vr^ite' down' and learn- 
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v.. 



' V/e come now to the retention test/ 
In this -test "ssntences Wil-l be presented 
l^^d^you one at a time. 

Sonie of these sentences will\je from" 
the, list th^t you. learned ^ others' v/i 11 
be new, although 't)h^ will be similaf to 
the ^'old'^ sentences in the list that you 
leaHied. /' 

■ 1/ the sentence sl^own is from the list 
that you learned, press the key mxlced 
''ol^'S If the sentence is new ^that, is , . 
it was not dh tTte' learaing. list)(^press 
the key. triarked "new**. ' 



/ c 



Press the space ,^bar. 
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:■ / 



'kf: 



.,1 



I _ 



You Will only h^N^e Iboat 7 seconds, 
in which to indicate wlijither or not the 
sentence is old-pi" new j I and to make your 
confidence judgment. .\ ■ .- 

Three seconds beforg thej next sen- 
tence^is presented , the v\;ord5. "three . 
seconds left''' Will appear towards the 
, bottom of the sfireen. 



Press the space bar 



ERIC ^ 
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, After h^tNTing pressed the. *:old'*'or -tb^ 

\ \ ^^new" key ; the n^xt taslc is to' in- ^ 

\ V dicate how confident you are that 

^\ you pressed the correct ke^y- 

* To make this" judgmpnt ; pr^ss one , of 
the keys marked ^1/^ 2, 3, 4^ 5, or 6^ 
where: ■] - - 

(Press th'^ sja'ce bar to see . 
what these nuinfsier$ inean} , . v 



f 



161 



A 



'Slide 13, 



1 = 



coTPpIelfeily 'C-j.OQ'O sure that, the re- ^ 
vspofise was^coin!*^|$j;,..^ , ' ] 

















"6.0% 


sure 


that 


the 


response 


was 


correct. 




sure 


^that 


the 


Response 


was* 


correct i 


20% 


sure 


tl^at 


the 


response 


v/as 


>> 

correct. 



, 3 = 

/ 6 = no ide& ('0% certainty) .>whether or hot 
the response was correct* * 

« .' ■ ' -v* 

Press ibe space bar ^ 



\ 



168 



1. 



162 



Slide ,14... 



Three points to i^emember: 

1. Pres^ the "old" or '^'new^* button 
. as soon as you can, but do not, 
forget that you are allowed only 
one resptjn^e, 

.2* Always press a key/ I ^ you do 
\' not knos .the answer , then guess. 

t \ \ * . 
3 ; y.'hen 'making your "confidence : > 
Had^j^ientSj use as many of the 
six categgriss as you can. 

ivhon vou ba^-e ;:hes<a points fixed in 
your mamor;/; pressl the space ba^t*- 



J — \ 



* 5 
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Slide 15. 



Tb summarize, in th^ retention test, 
one *si3ntence will be presented at a , 
^tiuie. If it is frorn the otiginal list 
that you learned, press key ♦'old'^ ^ ' 
If it is a new sentence, press key 
f'new". • 

> r • • ^ : 

Tfien indicate how confident you are 
that your^ ^response was correct by 
Dressing 'one of 'the keys 1 (1<)0% 
sura) V 2 ^ure) 3 (60^ sure) , 

4 t/M sureK 5 (20% sure)., 6 W-. 

■'P'r'es-?? the ?pac?5 bar- 
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Vou can reviev; afty of 'the 
insVructions'by pres.sxng key B. 

• 

To ensure that you underset and the 

procedure you will be given a short 

practice test, ' *" 

If you are confident that yd-u 
understand what to do, press«> the 
so ace bAz', ? . 



165 



1 



SlidO 17, 



Indicate whether this sektence is ^ 
'•old'l or *»new" by pressiilg key ••old** 
or key **new*\ ^ 



Indicate how confident you are that" 
your response is correct by pressttig 
on3 of the - keys : ^ 



; 1 2 3 4 

>.ur>0 suri^) > sure) .sure) 



5 

(20^!) ' 
sure) 



6 

(0". 
sure J 



\ 



\ 
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\se come now to the .retention test. In 
this test two cue wards chosen from one" ' 
pf the sentence that v/as in the list that 
you learned will, be presented to you, one 
"pair of words at a tirte. ' ' • - 

Your task is lto write down as much of the 
remainder o'f the sentence as you can . 
remeniber^ . . • 



Press the V space bar* 



J 



1%Z 
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Foif examp'^B; if the original 

*'only a knave, can m^yo 
*the levers o£ politicallv 
power", ' H 

the t\\o CU3 words might u)e, . 
"political power*' 



*tHe :^nacG bar 
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Slide 20. 



^ 



The booklet in which Ijthe sentences 
are to be wri tten is ^next to the , 
keyset. > ' 

to provide an example, the first ' 
sentefce is already:.. wri tte-n in. 

Press th-e space bar 
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- ' Slide 21. 
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If you want t,6 ipevie\4 any of the 
instructions^ press^koy B^, to back up, 

' Vlh^n you feel that you understand 
..\the procedure, press next.. 



\ 



r 
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First, there, is a short practice 
test. You vciil* onfe -get 35 seconds, 
so you wL%l have tij write quickly. - 

Three ^^conds./^efore the* next ]^alr 
of cue words is^^resented, the words 
**threQ seconds left" will appear . 
t towards the bottom of ' the $creen. 




Prdoh the space ba* 
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Slids 23. 
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CUE WORDS 



Write out the rest o£ 
tl4e S3ht*1jr cp^ quickly 
as possible. ^ 



o 



.... •"/ 




IT? 



17: 



I. . 



^ " 1 






\ : 




■ * 
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You v/ill n(DW be presented 
with 68 pairs of cue words , 
one pair at a time. 



/ 



/ 



erJc 
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in Urbana. . In 1968 he. joined the faculty of Yale Ui;Liver,sity . . .■ 
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